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Preface 


In  this  Lecture  Series,  the  visual  problems  encountered  during  night  operations  are  examined  from  several  viewpoints.  It  is 
considered  important  to  distinguish  between  three  essential  aspects  of  this  question  i.e.  the  functioning  of  the  human  visual 
system  and  the  integration  of  this  system  with  the  other  sensory  systems,  the  technical  systems  designed  to  aid  or  temporarily 
replace  night  vision,  and  the  operational  use  of  such  systems. 

These  different  aspects  are  dealt  with  in  a  series  of  lectures  given  by  speakers  world  renowned  in  their  respective  fields. 

The  first  part  of  this  publication  concerns  sensory  systems. 

Physical  stimulation  enters  the  eye.  It  conditions  the  uptake  of  visual  information.  In-depth  knowledge  of  this  stimulation  is  vital 
if  we  are  to  understand  the  limitations  of  night  vision  and  the  effects  of  the  different  operational  systems  on  vision. 

The  processing  mechanisms  for  visual  data  and  the  various  visual  functions  are  then  developied  and  the  limitations  of  the  visual 
system  are  presented.  The  integration  of  vision  and  the  other  sensory  organs  is  dealt  with  in  a  special  chapter.  It  is  in  fact  the 
integration  of  this  multiplicity  of  data  which  produces  the  mental  representation  specific  to  any  given  situation.  The  situation 
which  concerns  us  is  indeed  specific,  since  we  are  dealing  with  night  flight.  A  whole  set  of  spatial  orientation  mechanisms  are 
required  to  adapt  to  this  new  situation.  How  then  does  the  learning  process  take  place? 

The  second  part  of  the  publication  is  technical. 

Night  vision  aids  or  substitutes  are  in  common  use  today.  During  the  recent  conflict  they  were  responsible  for  the  success  of  a 
number  of  spectacular  missions. 

Obviously,  we  must  make  a  distinction  between  aids  and  substitutes.  Aids  embody  the  need  for  adaptation  to  night  vision. 

Substitutes  quite  simply  replace  this  night  vision  (the  functional  capacities  of  which  are  very  limited  compared  with  day  vision) 
by  a  state  which  is  close  to  photopic  vision.  It  is  close  but  it  is  not  identical.  In  fact,  substitute  systems,  whether  in  the  form  of  night 
vision  goggles  or  infra-red  cameras  provide  the  pilot  with  a  degraded  image.  The  colour  disappears,  the  image  is  monochrome. 
The  relatively  low  resolution  causes  difficulties  in  identifying  targets  or  marks  normally  used  during  daylight  hours.  The  field  of 
vision  is  reduced  to  central  and  paracentral  vision.  The  cut-off  of  peripheral  vision  may  result  in  sensor  deprivation,  and 
difficulties  of  spatial  orientation  or  localisation  may  be  encountered.  These  phenomena  will  have  a  direct  influence  on  the 
various  major  visual  functions,  visual  acuity  or  contrast  vision  (vision  of  shapes)  perception  of  relief  etc. 

How  are  we  to  integrate  these  devices  into  the  cockpits  of  aircraft  and  helicopters?  What  are  the  technical  limitations  which 
pilots  and  physicians  should  be  aware  of?  How  are  we  to  go  about  finding  solutions  for  the  future?  These  are  just  a  few  of  the 
questions  discussed  in  the  different  chapters. 

The  third  part  concerns  operational  use. 

It  is  the  task  itself  that  we  must  analyse.  What  are  the  operational  requirements  of  a  pilot  flying  a  night  mission?  Is  night  flight 
simply  day  flight  performed  under  degraded  conditions  of  visibility?  Evidence  of  actual  experience  is  provided  by  the  pilot  in 
the  lecture  series  team. 

These  multiple  facets  are  examined  by  means  of  a  variety  of  approaches  and  sensibilities:  physiologists,  psychologists,  pilots  and 
ergonomists  all  make  their  contribution.  It  is  from  this  wealth  of  points  of  view  that  the  limitations  of  such  .systems  will  be 
deduced  and  solutions  envisaged  in  technical  and  operational  areas,  as  well  as  in  the  field  of  user  training. 
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Preface 


Les  problemes  visuels  rencontres  dans  les  operations  de  nuit  sont  abordes  ici  selon  differents  points  de  vue.  II  est  en  effet 
important  de  dissocier  trois  aspects  essentiels;  le  fonctionnement  du  systeme  visuel  humain  et  I’integration  de  ce  systeme  avec  les 
autres  systemes  sensoriels,  les  systemes  techniques  d'aide  ou  de  suppleance  a  la  vision  nocturne,  leurs  utilisations 
op>erationnelles. 

Ces  differents  aspects  sont  presentes  au  cours  de  plusieurs  conferences  effectuees  par  des  orateurs  mondialement  connus  dont 
la  notoriete  n’est  plus  a  plus  a  fair  dans  leurs  domaines  respectifs. 

Le  premier  volet  concerne  les  s>;'temes  sensoriels. 

La  stimulation  physique  penetre  dans  I'oeil.  Elle  conditionne  la  prise  d'informations  visuelles.  Une  connaissance  parfaite  de 
cette  stimulation  est  indispensable  pour  comprendre  les  limitations  de  la  vision  nocturne  et  les  effets  des  differents  systemes 
operationnels  sur  la  vision. 

Les  mecanismes  de  traitement  d’informations  visuelles,  les  differentes  fonctions  visuelles  sont  ensuite  developpees.  Les 
limitations  du  systeme  visuel  sont  presentees.  L’integration  entre  la  vision  et  les  autres  organes  des  sens  fait  I'objet  d'un  chapitre 
specialise.  En  effet  c’est  de  I’integration  entre  ces  multiples  informations  que  nait  la  representation  mentale  specifique  a  une 
situation.  Or  cette  situation  est  bien  particuliere  puisqu’il  s'agit  du  vol  de  nuit.  L'ensemble  des  mecanismes  d'orientation  dans 
I'espace  doivent  s’adapter  a  cette  nouvelle  situation,  comment  se  fait  I'apprentissage? 

Le  deuxieme  volet  est  technique. 

Les  moyens  d’aide  ou  de  suppleance  a  la  vision  nocturne  sont  de  nos  jours  couramment  utilises.  Lors  du  dernier  conflit  elles  ont 
ete  a  la  base  de  la  reussite  de  missions  spectaculaires. 

II  faut  bien  evidemment  differencier  les  aides  des  suppleances. 

Les  aides  conservent  I’adaptation  de  la  vision  nocturne. 

Les  suppleances  remplacent  purement  et  simplement  cette  vision  nocturne  (dont  les  capacites  fonctionelles  sont  beaucoup  plus 
faibles  que  la  vision  de  jour)  par  un  etat  qui  se  rapproche  de  la  vision  photopique.  II  s’en  rapproche  mais  il  n’est  pas  identique.  En 
effet  les  systemes  de  suppleance,  que  ce  soit  les  jumelles  de  vision  nocturne,  les  cameras  infra  rouge,  foumissent  au  pilote  une 
image  degradee.  La  couleur  a  disparu,  I’image  est  monochrome.  La  resolution  relativement  faible  engendrera  des  difhcultes 
d’identification  de  cibles  ou  de  reperes  couramment  utilises  en  vision  de  jour.  Le  champ  visuel  est  reduit  a  la  vision  centrale  et 
paracentrale.  L’amputation  de  la  vision  peripherique  peut  se  traduire  par  une  deprivation  sensorielles  et  des  difficultes 
d’orientation  ou  de  localisation  dans  I’espace  peuvent  se  manifester.  Ces  elements  retentiront  directement  sur  les  differentes 
grandes  fonctions  visuelles,  acuite  visuelle  ou  vision  du  contraste  pour  la  vision  des  formes,  perception  du  relief. 

Comment  integrer  ces  moyens  techniques  dans  les  cockpits  des  aeronefs,  avions  ou  helicopteres?  Quelles  sont  les  limitations 
techniques  que  pilotes  et  medecins  doivent  connaitre?  Comment  peut-on  envisager  les  solutions  d'avenir?  Autant  de  questions 
qui  sont  discut^s  au  cours  des  differents  chapitres. 

Le  troisieme  volet  concerne  {'utilisation  operationnelle. 

C’est  la  tache  elle-meme  qu’il  faut  analyser.  Quels  sont  les  besoins  operationnels  du  pilote  en  mission  de  nuit?  Le  vol  de  nuit  est-il 
un  vol  de  jour  en  conditions  de  visibilite  degradee?  Des  experiences  vecues  sont  foumies  par  le  pilote  de  I’equipe. 

Ces  multiples  facettes  sont  trait^s  selon  differentes  approches  et  sensibilites;  physiologistes,  psychologues,  pilotes,  ergonomes 
apportent  leurs  experiences.  C’est  de  la  richesse  des  points  de  vue  que  seront  extraits  les  limitations  de  tels  systemes  et  envisage 
des  solutions  tant  au  niveau  technique  et  operationnel  que  de  la  formation  des  utilisateurs. 


Docteur  Jean-Pierre  Menu 
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Directeur  Lecture  Series 


Abstract 


The  aim  of  this  Lecture  Series  is  to  provide  the  aeromedical  specialist  with  a  thorough  understanding  of  the  physiology  of  the 
visual  system  with  particular  concentration  on  the  impact  of  the  environment  presented  during  night  tactical  air  operations. 

Methods  to  preserve,  protect  or  enhance  unaided  night  vision  will  be  discussed. 

Information  concerning  visual  performances  with  electro-optic  devices  derived  from  aeromedical  research  and  field 
experiences  will  be  detailed  to  provide  the  medical  specialists,  the  engineers  and  operational  pilots  with  appropriate 
understanding  of  these  increasingly  common  operational  tools. 

This  Lecture  Series,  sponsored  by  the  Aerospace  Medical  Panel  of  AGARD,  has  been  implemented  by  the  Consultant  and 
Exchange  Programme. 


Abrege 


L'objct  dc  ce  cycle  dc  conferences  est  de  presenter  aux  spekialistes  aeromedicaux  un  expose  complet  de  la  physiologic  du 
systeme  visuel.  tout  en  soulignant  I’importance  de  I'impact  du  milieu  ambiant  lors  des  missions  tactiques  ntKturnes. 

Les  methtxles  proposees  pour  la  protection  ou  I'amelioration  de  la  vision  de  nuit  naturelle  seront  discutees. 

Des  informations  seront  fournies  sur  les  performances  visuelles  obtenues  au  moyen  de  dispositifs  electro-optiques,  avec  des 
exemples  issus  de  la  recherche  aeromedicale  et  de  fexperience  operationnelle.  afin  de  permettre  aux  specialistes  medicaux.  aux 
ingenieurs  et  aux  pilotes  de  comprendre  ces  outils  operationnels  qui  sont  de  plus  en  plus  .sollicites. 

Ce  cycle  de  conferences  est  presente  par  le  Panel  AGARD  de  Medecine  Aerospatiale;  et  organise  dans  le  cadre  du  programme 
des  Consultants  et  des  Echanges. 
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NIGHT  OPERATIONS 

William  E.  Berkley,  Colonel.  USAF,  MC,  CFS 
Director,  Night  Vision  Programs 
Aircrew  Training  Research  Division 
Armstrong  Laboratory 
Williams  AFB,  Arizona  85240-6457 


INTRODUCTION 

Strategists  have  long  sought  to  exploit  the 
night  in  military  operations,  not  only  to  avoid 
detection  and  as  a  means  to  defeat  visually  or 
optically  aimed  weapons,  but  also  to  deny  the  enemy 
an  opportunity  to  rest  or  resupply  his  troops. 

With  the  advent  of  practical  and  effective  imaging 
devices,  true  night  war  fighting  capability  has  at 
last  become  a  reality  (as  demonstrated  in  the 
recent  Gulf  War).  It  is  safe  to  assume  that  night 
military  operations  will  receive  even  more  emphasis 
in  the  future.  Current  aviation  activities  range 
from  basic  single  pilot  helicopter  operations  with 
night  vision  goggles  (NVGs)  to  complex  missions 
utilizing  a  mix  of  highly  sophisticated  aircraft 
with  multiple  sensors,  precise  navigational 
capabilities  and  advanced  weapons  delivery  systems. 


mounted  and  much  smaller  and  lighter  than  the  first 
generation  devices.  The  first  experimental 
attempts  to  exploit  these  NVGs  for  aviation 
occurred  at  least  as  early  as  1971,  but  it  was  not 
until  1975  that  their  true  potential  was  recognized 
and  they  were  adopted  for  cockpit  use. 

The  third  generation  (Gen  III)  NVGs  appeared 
in  the  early  1980s.  For  the  first  time,  a  device 
(the  AN/AVS-6  or  ANVIS-6  goggle)  was  designed 
specifically  for  aviation  (helicopter)  use.  These 
NVGs  had  a  much  improved  helmet  mount,  provided 
better  resolution  and  had  considerably  greater 
capability  at  lower  light  levels  than  Gen  II 
goggles.  Now  available  in  a  variety  of  different 
designs  for  different  applications  and  aircraft 
types,  the  Gen  III  goggle  is  the  current  mainstay 
for  military  aviation. 


BACKGROUND 

Radar 

The  first  "Imaging  device"  employed  in 
military  aviation  was  a  radar  bombsight  used 
extensively  during  World  War  II  for  strategic 
bombing.  Quite  crude  by  present  standards,  it  did 
permit  a  non-precision  delivery  of  bombs  at  night, 
or  through  cloud  cover.  Aircraft  interception 
during  darkness  also  began  in  World  War  II  with  the 
Inception  of  air-to-air  radar  systems,  which 
despite  their  limited  capabilities,  were  used  by 
both  the  Allies  and  the  Luftwaffe  with  modest 
success. 


Since  the  Second  World  War,  radar  systems, 
both  air-to-ground  and  air-to-air,  have  been 
steadily  improved  and  employed  in  a  wide  variety  of 
strategic  and  tactical  aircraft.  Highly 
sophisticated  radar  systems  are  responsible  for  the 
majority  of  our  present  day  all-weather 
capabilities. 


Image  Intensification 


The  earliest  devices  which  provided  "night 
vision"  were  the  infrared  (IR)  sniper  scopes,  also 
of  WW  II.  These  devices,  despite  their  various 
limitations,  afforded  the  military  a  more  or  less 
covert  night  imaging  capability  for  the  first  time. 
They  had  the  disadvantage  of  requiring  an  infrared 
source  for  illumination  (irradiation).  This  not 
only  limited  their  effective  range,  but  also  made 
them  easily  detectable  by  an  adversary  equipped 
with  a  similar  device. 


A  "first  generation"  (Gen  1)  image 
intensification  device,  the  Starlight  Scope,  saw 
limited  aviation  service  in  the  Viet  Nam  War, 
primarily  in  Forward  Air  Control  (FAC)  aircraft. 
These  devices  were  capable  of  intensifying  ambient 
Illumination  and  did  not  require  a  separate  source 
of  infrared  energy  as  had  the  WW  II  infrared 
scopes.  However,  they  were  hand  held  and  much  too 
large  and  heavy  for  effective  cockpit  use. 

In  the  early  1970s,  second  generation  (Gen 
II)  night  vision  goggles  (NVG)  became  available. 
Intended  for  ground  troops,  primarily  truck  and 
tank  drivers,  they  were  binocular  in  design,  head 


Although  initially  used  exclusively  in 
helicopters,  NVGs  are  now  seeing  service  in  all 
types  of  military  aircraft.  The  first  extensive 
combat  experience  with  NVGs  occurred  during  the 
Falklands  War  where  they  were  employed  by  the 
British. 


Night  Vision  Goggle  Design  Considerations 


Although  the  ANVIS-6  is  by  far  the  most 
common  goggle  employed  for  aviation  purposes,  large 
numbers  of  Gen  II  devices  are  still  in  use  and 
other  NVGs  have  been  designed  for  specific 
applications.  Night  vision  goggles  are  classified 
as  either  Type  I  or  Type  II  (Figure  1).  The  Type  I 
NVG,  typified  by  ANVIS  (Figure  2),  has  "direct 
view"  optics.  The  Type  II  design  incorporates  a 
folded  optical  pathway  and  utilizes  a  combiner 
block  to  present  the  image  to  the  eye.  The  British 
made  Cats  Eyes  are  the  most  widely  used  Type  II 
goggle  (Figure  3). 
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Figure  1.  Types  of  Night  Vision  Goggles 
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Figure  2.  ANVlS-6  Night  Vision  Goggle 

The  Type  II  design  was  developed  for 
fighter/ attack  aircraft  to  permit  direct  viewing  of 
FLIR  imagery  presented  in  a  Heads  Up  Display  (HUD). 
This  is  desirable  because  it  obviates  any 
degradation  of  the  FLIR  picture  by  intensified 
imagery.  However,  a  direct  viewing  capability  is 
essential  in  some  aircraft  because  the  HUD  is  not 
visible  with  an  NVG  (a  function  of  the  wavelength 
of  the  HUD  phosphor).  Without  the  direct  viewing 
capability,  a  pilot  would  be  forced  to  look  around 
his  goggles  to  see  the  HUO. 

Another  important  advantage  of  the  Type  II 
design  is  the  fact  that  the  combiner  is  not  only 
relatively  transparent,  it  is  significantly  smaller 
than  the  tube  assembly  and  thus  results  in  less 
obstruction  of  the  unaided  FOV  (Figure  4).  This 
particularly  enhances  the  pilot's  ability  to  see 
inside  the  cockpit  to  monitor  essential  flight 
instruments,  an  especially  important  feature  in  the 
high  speed,  highly  dynamic  flight  regime  of 
fighter/ attack  aircra^'t. 


Figure  3.  Cats  Eyes  Might  Vision  Goggle 


Figure  4.  Unaided  Field  of  View  with 
Type  II  Design 


Forward  Looking  Infrared 

The  other  primary  group  of  night  imaging 
devices,  forward  looking  infrared  (FLIR),  emerged 
during  the  Vietnam  era  and  utilizes  a  completely 
different  type  of  technology.  NVGs  image  visible 
light  and  near  infrared  energy  reflected  from  the 
surface  of  objects  (reflective  contrast).  FLIR 
technology  is  based  on  the  fact  that  all  objects 
warmer  than  absolute  zero  emit  "heat"  in  the  form 
of  infrared  energy.  The  rate  of  emiasion,  or 
radiation  of  this  thermal  energy  differs  depending 
upon  the  composition  of  the  object.  A  FLIR  image 
is  simply  a  computer  generated  picture  based  upon 
the  differences  in  the  rate  of  emission  of  infrared 
energy  by  the  objects  in  the  scene  (thermal 
contrast). 

FLIR  is  capable  of  discriminating  between 
adjacent  objects  with  temperature  differences  of  as 
little  as  one  degree,  and  can  even  differentiate 
objects  of  the  same  temperature  if  they  «iiit  energy 
at  different  rates.  FLIR  systems,  like  radar,  are 
much  larger  and  heavier  than  NVGs,  necessitating 
that  they  be  aircraft  mounted  as  opposed  to  helmet 
mounted. 

NVG/FLIR  INTEGRATION 

Because  NVGs  and  FLIR  are  sensitive  to  energy 
of  different  wavelengths  (visible  light  and  near 
infrared  of  0.6-0. 9  microns  for  NVGs  versus  far 
infrared  at  8-12  microns  in  the  case  of  FLIR),  and 
the  atmospheric  transmission  of  energy  varies  as  a 
function  of  its  wavelength,  the  two  types  of 
systems  are  complimentary.  That  is,  each  can 
function  well  under  certain  conditions  in  which  the 
other  does  not.  For  instance,  NVGs  are  much  more 
effective  in  humid  conditions,  and  FLIR  is  much 
more  effective  in  conditions  of  smoke,  haze  or 
brownout.  Having  both  systems  is  highly  desirable 
because  it  affords  a  capability  which  is  much 
greater  than  that  provided  by  either  system  alone. 

Newer  FLIR  designs  (Gen  II  FLIR),  have  better 
resolution,  incorporate  smaller,  less  complex 
hardware  and  are  sensitive  to  energy  in  the  mid 
Infrared  range  (3-5  microns),  making  them  less 
affected  by  moisture. 
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VISUAL  CHARACTERISTICS  OF  NIGHT  VISION  DEVICES 

Both  NVGs  and  FLIR  have  monochromatic  images 
and  are  limited  in  resolution  and  field  of  view, 
all  of  which  constitute  significant  deficiencies 
when  compared  to  normal  day  vision.  For  instance, 
monochromatic  imagery  obviates  the  use  of  color 
contrast,  an  important  modality  for  object 
detection  and  recognition. 

Resolution 

Although  resolution  can  be  described  in  a 
number  of  ways,  visual  acuity  facilitates 
comparisons  in  operational  terms  and  is  the 
terminology  that  most  people  are  familiar  with. 

For  purposes  of  this  paper,  resolution  will  be 
discussed  in  terms  of  Snellen  acuity.  Best  visual 
acuity  with  NVGs  is  usually  about  20/40,  although 
more  and  more  we  see  goggles  capable  of  providing 
vision  of  at  least  20/35.  These  levels  of  acuity 
are  characteristic  of  relatively  high  levels  of 
illumination  (typically  under  controlled  laboratory 
conditions),  that  are  rarely  achieved  in  the 
cockpit. 

Not  only  are  lower  light  levels  more 
frequently  encountered  in  actual  operational 
conditions,  but  goggle  acuity  can  also  be  adversely 
affected  by  incompatible  sources  of  cockpit 
lighting  and/or  windscreen  transmission  losses. 

Even  under  laboratory  conditions,  goggle 
performance  will  be  degraded  enough  to  yield  only 
about  20/80  vision  at  a  light  level  equivalent  to 
mean  starlight.  The  resolution  of  most  FLIR 
systems  is  theoretically  comparable  to  that 
obtained  with  NVGs  at  higher  illumination,  but 
resolution  varies  depending  upon  display  size  and 
modality  (e.g.  heads  up  display  versus  cathode  ray 
tube).  Actual  readability  is  affected  by  both 
display  size  and  location.  Some  targeting  systems 
with  small  fields  of  view  are  actually  capable  of 
resolution  which  permits  acuity  comparable  to 
normal  day  vision. 

It  is  important  to  remember  that  visual 
acuity  of  20/40  is  only  one  half  as  good  as  normal 
20/20  day  vision,  but  is  five  times  better  than  the 
best  unaided  night  vision  (20/200  to  20/400 
depending  upon  the  illumination  level).  Although 
the  vision  afforded  with  NVGs  or  FLIR  provides  a 
significant  enhancement  in  operational  capability, 
the  acuity  provided  does  not  permit  the  employment 
of  true  daytime  tactics.  This  is  because  the 
limitations  in  resolution  have  an  adverse  effect  on 
altitude,  distance  and  depth  perception,  as  well  as 
target  detection  and  identification  ranges.  For 
example,  an  object  visible  at  20  kilometers  with 
20/20  vision  would  not  be  seen  beyond  10  kilometers 
with  20/40  vision  or  5  kilometers  with  20/80 
acuity.  Although  obvious  in  this  discussion,  the 
effects  of  this  limitation  in  vision  are  not 
readily  apparent  to  the  aviator  during  flight. 

This  is  a  significant  problem  which  will  be 
described  in  some  detail  in  a  subsequent  paper. 

Field  of  View 

Currently  available  NVGs  typically  have  a 
circular  field  of  view  (FOV)  ranging  from  30  to  40 
degrees,  with  a  maximum  of  45  degrees.  This  is 
much  less  than  the  roughly  200  degree  horizontal  x 
120  degree  vertical  FOV  afforded  by  the  unaided 
eye.  Since  spatial  orientation  is  primarily  a 
function  of  peripheral  vision  (the  ambient  visual 
system),  the  limited  FOV  of  NVDs  significantly 
affects  this  capability.  To  compensate  for  the 
deficient  FOV,  a  pilot  using  NVGs  must  maintain  an 
aggressive  scan  to  increase  the  effective  field  of 
regard,  thus  enhancing  situational  awareness  and 


spatial  orientation.  However,  the  specific 
physiologic  costs  of  this  active  scan  include 
increased  pilot  task  loading  and  physical  fatigue. 

The  effect  of  limited  FOV  in  fixed  FLIR 
systems  is  especially  bothersome.  The  image's 
relative  small  size  (30  x  40  degrees  or  less)  and 
immobility  result  in  an  effect  not  unlike  that  of 
having  to  fly  the  aircraft  while  looking  through  a 
keyhole.  Thus  with  fixed  FLIR,  situational 
awareness  can  be  quite  impaired  and  the  potential 
for  spatial  disorientation  is  markedly  increased 
compared  to  normal  day  or  NVG  aided  vision. 
However,  even  a  fixed  FLIR  dramatically  improves 
situational  awareness  when  compared  to  unaided 
night  vision. 

Even  though  most  fixed  FLIRs  can  be  slewed 
within  modest  limits,  and  turreted  FLIRs  have  a 
wide  field  of  regard,  the  operator  can  become  quite 
disoriented  because  of  the  relatively  small  FOV  of 
the  image  and  the  fact  that  the  sensor  may  not  be 
pointed  in  the  same  direction  as  the  viewer's  gaze. 
Heao  steered  systems  alleviate  this  problem,  but 
are  very  complex  and  expensive  in  comparison  to 
NVGs  or  fixed  FLIR. 

Symbology  Injection 

The  addition  of  symbology  to  depict  essential 
flight  information  is  currently  being  employed  to 
a  limited  degree  in  the  form  of  the  so  called  NVG 
HUD  (Heads  Up  Display).  This  device  has  met  with 
limited  success,  primarily  because  it  was  fielded 
without  adequate  training  for  users  or  maintenance 
personnel.  It  also  increases  head  supported 
weight,  moves  the  center  of  gravity  further  forward 
and  requires  routing  a  relatively  heavy  and 
inflexible  cable  to  the  helmet.  A  potentially 
important  effect  of  these  devices  is  a  tendency  to 
produce  slight  mi nifi cation  of  the  terrain, 
increasing  its  apparent  distance  from  the  aircraft. 
This  phenomenon  has  been  observed  with  conventional 
aircraft  HUDs  as  well,  but  the  true  significance 
has  not  yet  been  established.  The  extent, 
physiological  mechanism  and  operational  importance 
of  this  illusion  are  all  currently  under 
investigation. 

OPERATIONAL  CAPABILITIES 

The  single  most  important  contribution 
provided  by  night  vision  devices  is  a  vast 
improvement  in  situational  awareness  and  spatial 
orientation.  This  translates  directly  to  the 
following  operational  capabilities: 

1.  Enhanced  maneuverability.  Permits 
terrain  masking,  terrain  avoidance  and  threat 
response  not  possible  with  unaided  night  vision. 
Enables  the  use  of  tactics  more  nearly  like  those 
employed  in  daytime.  NVDs  are  far  superior  to 
forward  looking  radar  alone,  even  with  automatic 
terrain  following.  Allow  "nap  of  the  earth" 
flight. 

2.  Enhanced  navigation.  Ability  to  "see" 
the  terrain  and  visually  identify  landmarks. 

3.  Target  acquisition  and  weapons  delivery. 
Affords  a  capability  to  visualize  the  target  area 
and  employ  tactics  not  otherwise  possible  at  .light. 
Significantly  augments  other  weapons  system 
capabilities. 

4.  Threat  detection.  The  ability  to  see  the 
surroundings  and  detect  gunfire  or  missile  launches 
can  be  dramatic. 
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5.  Multi /mixed  aircraft  operations. 
Capability  to  employ  multiple  and  dissimilar 
aircraft  is  significantly  enhanced.  Makes  mission 
escort  possible. 

6.  Night  air-to-air  operations. 

Capabilities  are  markedly  expanded.  Allows  some 
degree  of  mutual  support. 

7.  Covert  operations.  Devices  are  non¬ 
emitting. 

OPERATIONAL  LIMITATIONS 

1.  Visual  meteorological  conditions  only. 
NVDs  do  not  provide  an  all  weather  capability  (do 
permit  under  the  weather  operations). 

2.  Ambient  illumination.  Capability  of  NVGs 
without  FLIP  or  other  complimentary  systems  is 
limited  in  conditions  of  very  low  ambient  light. 
Cultural  lights,  fires,  flares,  explosions  and  moon 
position  all  affect  NVG  employment/tactics. 

3.  Limited  FOV  and  resolution.  Direct 
effect  on  target  acquisition/identification  and 
weapons  delivery  capabilities. 

4.  Takeoff  and  landing  restrictions. 
Potentially  hazardous  for  aviators  using  NVGs  in 
ejection  seat  aircraft. 

5.  Human  limits.  Although  NVDs  dramatically 
increase  the  aviator's  situational  awareness  and 
overall  capabilities  In  darkness,  these  advantages 
have  also  been  employed  to  significantly  expand  the 
scope  of  night  missions.  The  result  is  that  even 
though  the  devices  enhance  our  capabilities,  night 
operations  have  simultaneously  become  increasingly 
demanding  and  complex.  In  fact,  pilot  task  loading 
is  often  increased  rather  than  decreased  in  NVO 
missions.  Sensor  integration  and  improved  human 
factors  designs  are  needed  to  reduce  cockpit  work 
loads  and  to  make  further  advances  in  our 
capabilities. 

NIGHT  OPERATIONS 

NVO  aided  night  activities  cover  a  broad 
spectrum  ranging  from  very  basic  single  ship, 
single  pilot,  NVG  helicopter  operations  to  highly 
complex  missions  which  involve  numerous  aircraft  of 
different  types,  equipped  with  a  wide  variety  of 
“night  systems."  Although  helicopter  operations 
still  comprise  the  majority  of  NVG  utilization, 
NVGs,  FLIR  and/or  radar  systems  are  now  employed, 
at  least  to  a  limited  degree,  in  virtually  every 
type  of  aircraft  in  the  inventory.  This  includes 
all  types  of  rotary  wing,  utility,  transport, 
bomber  and  fighter/attack  aircraft. 

Helicopters 

For  all  practical  purposes  there  are  no 
unaided  night  rotary  wing  operations  in  the  US 
Military.  Virtually  every  helicopter  in  the 
inventory,  from  the  smallest  and  most  basic  to  the 
largest  and  most  complex,  is  flown  with  NVGs  and/or 
FLIR.  Complimentary  systems  include  terrain 
following  radar,  sophisticated  navigation  systems 
(some  with  Global  Positioning  System),  moving  map 
displays  and  on  board  mission  computers.  Mission 
profiles  range  from  nap-of-the-earth  flight 
conducted  a  few  meters  above  the  ground,  to  heavy 
airlift  (including  slingload)  operations,  to  highly 
dynamic  attack  missions.  Airspeeds  vary  from  10 
knots  or  less,  to  more  than  150  knots  (20  to  275 
kilometers  per  hour).  Sortie  lengths  can  exceed  10 
hours.  Inflight  refueling  is  routinely  conducted 
by  some  organizations. 


Fixed  Wing,  Multienqine  Aircraft 

This  category  includes  everything  from  small 
utility  aircraft  to  bombers  and  large  transports. 
Many  NVG  missions  flown  in  utility  and  transport 
aircraft  are  in  support  of  various  special 
operations.  Systems  are  comparable  to  those  found 
in  the  more  sophisticated  helicopters.  Low  level 
flights  (100  to  200  meters)  are  commonly  conducted. 
Airspeeds  vary  with  the  specific  aircraft. 

Inflight  refueling  is  often  involved. 

Bombers  may  fly  particularly  long  missions, 
including  low  level  segments  which  are  NVG  aided. 
Aircraft  systems,  altitudes,  airspeeds  and  flight 
operations  are  essentially  the  same  as  for  daytime 
fl ights. 

Fighter/Attack  Operations 

Perhaps  both  the  challenges  and  the  benefits 
of  NVG  flight  are  greatest  in  the  fighter/ attack 
world.  This  is  because  of  the  very  high  airspeeds, 
highly  dynamic  and,  at  times,  low  altitude  flight 
regimes  characteristic  of  these  operations.  Both 
single  and  dual  seat  aircraft  are  employed.  A 
“night  attack  system"  as  propounded  by  the  US  Navy 
includes  NVGs,  a  FLIR  with  HUD  display  capability 
and  a  digital  moving  map.  This  is  in  addition  to 
the  usual  radar,  navigation  and  weapons  delivery 
systems.  Airspeeds  typically  vary  from  240  to  more 
than  500  knots  (440  to  900+  kilometers  per  hour)  at 
altitudes  of  several  thousand  meters  down  to  100 
meters  or  less. 

The  enhancements  in  navigation,  target 
acquisition,  threat  detection  and  maneuverability 
are  particularly  important  to  single  seat  pilots, 
for  whom  task  saturation  can  be  a  serious  problem, 
even  during  daytime.  The  ability  to  see  the  terrain 
and  the  resulting  contribution  to  spatial 
orientation  is  particularly  important  during  any 
phase  of  flight  in  which  dynamic  maneuvering  is 
required. 

CONCLUSIONS 

Military  aviation  has  literally  been 
transformed  by  the  introduction  of  night  vision 
devices.  The  total  impact  of  NVDs  has  probably 
been  greater  than  that  of  any  technological  advance 
since  the  development  of  the  jet  engine.  It  is 
very  likely  that  within  only  a  few  years,  all 
nighttime  military  flying  will  be  conducted  with 
night  vision  devices. 

It  is  not  an  exaggeration  to  state  that  the 
capability  to  conduct  nighttime  operations  that  is 
afforded  by  NVDs  has  literally  revolutionized 
warfare.  Certainly  the  Gulf  War  was  a  convincing 
demonstration  of  an  overwhelming  military  advantage 
afforded  by  this  technology.  However,  current 
devices  are  still  relatively  limited  in  performance 
and  human  interface  characteristics. 

A  helmet  mounted  display  providing  terrain 
imagery  and  flight  parameters  plus  a  comprehensive 
off-boresight  capability  for  ranging,  navigation 
updates,  targeting  and  weapons  delivery  would  be 
highly  desirable.  As  technology  progresses,  we 
should  be  able  to  expect  significant  gains  in  many 
performance  characteristics,  especially  resolution 
and  FOV,  with  systems  of  even  smaller  size  and 
weight.  Ultimately  we  should  see  multisensor 
systems  with  fused  imagery  presented  in  light 
weight,  full  color,  helmet  mounted  displays. 

With  the  inevitable  advances  of  technology 
and  our  understanding  of  human  factors,  future 
systems  with  undreamed  of  capabilities  should  be 
realized. 
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ASPECTS  PHYSIQUES  DU  STIMULUS  VISUEL 

Jean-Pierre  Mean 
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Resnme; 

Les  differents  aspects  ph)^ques  et  psychopliysiques  du 
stimulus  visuel  sont  envisages.  U  s'agit  de  definir  le  plus 
predsement  possible  la  stimulation  physique  d' entree  dans  le 
systeme  visuel  (nature  des  rayonnements,  intensite  lumineuse, 
couleufs  et  organisation  dans  I'espace  et  le  temps).  II  est 
souvent  difficile  de  dissocier  I'aspea  physique  de  I'aspect 
p^chophysique.  Ce  dernier  aspect  traduit  I'impact  de  I'aspect 
physique  sur  la  prise  et  le  traitement  d'informations  tout  au 
long  de  la  voie  visuelle.  II  est  par  consequent  important  de 
definir  le  plus  precisement  possible  le  fonctioncement  du 
capteur  retinien.  Les  mecanismes  d'integration  d'informations 
seront  deceits  ultedeurement.  La  structure  physique  des 
images  de  plusienrs  systemes  de  suppieance  h  la  vision 
nocturne  est  analysee. 

introdnetion; 

Comment  definir,  caracteriser,  quantifier,  mesurer  le 
stimulus  visuel  ?  De  quelles  methodes  dispose-t-on  pour 
hvaluer  les  intensites  lumineuses,  les  couleurs  et  surtout  la 
structure  d'une  image  compleze  comme  on  en  rencontre  de 
jour  comme  de  nuit  et  dans  les  appareillages  de  visualisation 
nocturne  ? 

Des  rappels  relativement  simples  doivent  etre  effectues 
pour  mettre  en  place  les  elements  les  plus  pertinents.  Ce  sont 
euz  qui  constitueront  les  bases  physiques  et  psychophysiques 
sur  lesquels  retentiront  tous  les  systemes  d'aide  e  la  vision 
nocturne  ou  au  vol  de  nuit.  Nous  reprendrons  les  plus  utiles  e 
one  bonne  comprehension  de  I'ensemble;  la  plopart  ont  dej* 
fait  I'objet  de  multiples  publications  qu'elles  soient 
relativement  fottdamentales  (Marr  1982,  Menu  et  Corbe 
1991)  ou  plus  appliquees  au  domaine  de  I'aeronautique 
(Boff  et  Coll.  1986.  1988) 

1  Le  rayonnement  eiectromagnetiqae 

L'ensemble  des  rayonnements  eiectromagnetiqnes  on 
spectre  (figure  1)  est  habitoellement  indique  sous  forme  d'on 
axe  en  fonction  des  longueurs  d'onde,  depuis  les  plus  coortes 
(rayons  X)  jusqu'aux  plus  elevens  (infra-rouge,  ondes  radio). 

Le  r^onnement  visible  ne  represente  qu'une  petite 
fenetre  ouverte  dans  l'ensemble  de  ces  rayonnements:  il 


s'etend  de  4S0  h  6S0  nm.  Cette  gamme  de  longueurs  d'onde 
est  appelee  lumiere.  Elle  stimule  seiectivement  le  systeme 
visuel  de  I'homme. 
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Figure  1  :  Spectre  des  rayonnements  eiectromagnetiqnes 

En  physique,  deux  theories  existent  pour  caracteriser  les 
rayonnements  eiectromagnetiqnes:  une  theorie  de  mecanique 
ondulatoire  (rayonnement  de  longueur  d'onde  precise)  et  une 
theorie  quantique,  corpusculaire.  Chacune  de  ces  deux 
theories  pent  etre  utilisee  altemativement  en  fonction  des 
besoins. 

La  theorie  ondulatoire  est  habituellement  la  plus 
employee  an  niveau  du  systeme  visuel.  La  theorie 
corpusculaire  n'est  utilisee  que  pour  la  transduction  d'enetgie 
an  niveau  des  photorecepteurs.  La  theorie  quantique  est  basee 
sur  I'existence  de  photons  dont  I'energie  est  donnee  par 
I'expression:  h  x  v.  h  est  la  constante  de  PLANCK  et  v  la 
frequence  de  la  radiation. 

Plosieurs  questions  se  posent  quant  e  1' analyse  de  ces 
rayonnements  par  le  systeme  visuel. 

Comment  l'ensemble  do  systeme  visuel  analyse-t-il  et 
iniegre-t-il  I'energie  do  n^ronnement  incident  ? 

Comment  pent-il  bgalement  prendre  en  compte  la 
longueur  d'onde  et  la  traduire  sous  forme  de  couleurs  ? 

Pour  repondre  h  ces  deux  questions  il  convient 
d'envisager  le  passage  d'on  domaine  physique  e  un  domaine 
psych  ophysiologiqoe. 

Le  domaine  physique  est  celui  de  la  radiomitrie:  celoi  de 
la  psychophysiologie  est  celui  de  la  photocolorimdtrie.  Chez 
I'homme  le  passage  do  premier  domaine  au  second  ea( 
realisable  en  introduisant  la  fonction  de  transfert  globale  do 
systeme  visuel  face  d  ces  rayonnements  de  diffdrentes 
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loogueun  d'onde.  Ea  effet,  I'efficadtd  du  sysUme  visuel  n'est 
pas  la  indme  pour  les  diff^fentes  longueurs  d'onde. 

U  faut,  avant  tout,  ddflnir  les  cemes  de  radiomdtrie  et  de 
photometrie.  Ces  diffdrents  tennes  sont  indiquds  sur  le  tableau 
1  avec  leurs  umtds  et  la  correspondance  des  uns  aux  autres 
dans  les  domaines  respectifs. 

2  Aaatomobiatologie  de  la  voie  wsuelle: 

U  est  essentiel  pour  bien  comprendre  d  quoi  correspond 
un  stimulus  visuel  de  mettre  en  place  les  elements  du  ctqiteur 
en  prdcisant  ce  qu'ils  peuvent  analyser. 

Le  c^iteur  de  la  tumidre  est  situd  au  niveau  de  la  rdtine, 
apres  que  celle-d  ait  traverse  les  milieux  transparents  de  I'oeil. 

line  coupe  histologique  de  la  rdtine  met  en  place  les 
elements  constitutifs  (figure  2). 


Seul  I'aspea  fonctioonel  de  I'ensemble  doit  etre  aborde. 
Les  photorecepteurs  soot  les  cellules  spedalisees  dans  la 
transduaion,  transformant  une  energie  physique  liee  au 
rayonnement  lui-meme  en  une  energie  eiectiique,  les  potentiels 
d'aaion.  Les  cdnes  et  les  bdtonnets  ont  non  seulement  des 
sensibilites  aux  longueurs  d'onde  differentes.  mais  aussi  des 
sensibilites  differentes  en  energie  (les  bitonnets  dont  les 
articles  extemes  sont  plus  longs,  captent  plus  de  photons  que 
ceux  des  cdnes).  La  densite  et  la  repartition  des  cdnes  et  des 
bhtonnets  est  egalement  differentes  avec  I'excentridte 
retinienne:  les  cdnes  ont  une  densite  maximale  en  vision 
centrale;  les  bhtonnets  ont  une  densite  maximale  vers  10  a  20 
degres  d'excentridte  (Figure  3). 


Figure  3  :  Densite  des  photorecepteurs  avec  I'excentridte 


Ces  differences  histologiques  auront  un  retentissement 
sur  les  functions  visuelles.  Les  photorecepteurs  n'assutent  pas 
uniquemem  la  prise  d'information  initiale,  mais  dejd  un  codage 
et  un  premier  traitement  de  I'information  captee  (le  fait  d'etre 
sensible  d  une  longueur  d'onde  et  non  d  une  autre  est  dejd  en 
soi  un  premier  traitement  et  codage  d'information). 

Les  deuxidmes  cellules  intdressantes  pour  le  traitement 
d'information  au  niveau  de  la  rdtine  sont  les  cellules 
ganglionnaires.  Ce  sont  leurs  axones  qui  constituent  les  fibres 
du  nerf  optique. 

Les  cellules  ganglionnaires  vdhiculent  les  influx  nerveux 
transmis  par  un  nombre  plus  ou  moins  important  de  cellules 
bipolaires  et  par  consequent  de  photorecepteurs.  Le  nombre  de 
photorecepteurs  et  la  region  de  I'espace  pour  laquelle  une 
cellule  gangUonnaire  repond  est  appellde  champ  recepteur  de 
cette  cellule  gangUonnaire.  Leur  taille  est  variable  avec 
I'excentridtd  retinieiuie.  Les  champs  les  plus  petits  sont  situds 
en  vision  centrale.  Plus  I'excentridte  rdtinienne  augmente, 
plus  les  champs  rdcepteurs  sont  dtendus.  U  s'agit  alors  d'une 
integration  spatiale  d'informations:  les  champs  les  plus  grands 
intdgreront  la  lumidre  dans  I'ensemble  du  champ.  L'exdtation 
de  la  cellule  gangUonnaire  n'aura  Ueu  que  si  un  pourcentage  ou 
une  repartition  cohdrente  dans  ce  champ  a  dte  rdaUse. 

En  fonction  de  leurs  caracteiistiques  histologiques  et 
dlectropbysiologiques  et  d  partir  des  etudes  de 
neurophysiologic  mendes  sur  I'animal,  plusieurs  types  de 
cellules  ganglionnaires  doivent  dtre  distingudes:  cellules  de 
type  X,  Y  ou  W  .  Leurs  propridtds  respectives  sont  indiqudes 
dans  le  tableau  2. 


TfP«X 

T»p«r 

TflwW 

.  LlnAair* 

.  Nonliniair* 

lUvonm 

.  Toniqa* 

-m — 

■  PhaiiSM 

HIH - 

LoMliwIion  ritlnltfiM 

CoiMrai* 

UbionHair* 

Fov*ala 

TtiN  ^  chMip  rtctfflMf 

0,25* 

4* 

0,M* 

VH»«m  d«  coAduelion 

f5i23m/^ 

30540m^ 

2i18ni,^ 

Pro^ien  cortical* 

UfliqiMiMnt 
tor  air*  17 

Sorair*  17 
at  air*  18 

Tableau  2  :  Propridtds  des  cellules  gangUonnaires 
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Ce  tableau  pr6seiite  de  oiamire  trte  synthitiqoe  et  par  la 
mteie  sOrefflent  excessive  rensemble  des  caracteristiques  que 
diff brents  auteurs  out  pu  isoler.  Sur  un  plan  psychophysique. 
avec  Tolhurst  deux  systbmes  de  transmission  de 
I'information  peuvent  dtre  diff^ncibs;  un  systbme  tonique  et 
un  systdme  phasique. 

Le  canal  tonique  aurait  comme  support  la  voie  utilisant 
les  cellules  de  type  X.  II  pr^domine  en  vision  centrale  et 
intervient  pour  beaucoup  dans  la  discrimination  fine  des 
objets. 

Le  canal  phasique  aurait  les  cellules  de  type  Y  pour 
support  neurophysiologique.  II  est  preponderant  en  vision 
paracentrale  et  peripfaerique.  Son  rdle  serait  de  detecter 
1' apparition  d'un  evenement  nouveau  dans  la  paitie  la  plus 
peripherique  du  champ  visuel.  Le  mouvement,  en  particuUer 
par  sa  composante  dynamique,  est  I'attribut  du  monde 
physique  le  plus  pertinent. 

Ainsi  des  les  cellules  ganglionnaires,  organisees  en 
voies  ou  systemes  spedfiques,  I'information  extraite  par  les 
photorecepteurs  est  dejh  mise  en  forme.  Le  traitement  initial  a 
debute  des  ce  niveau  considere  autrefois  comme  peripherique. 
Cette  mise  en  forme  est  essentielle  pour  I'ensemble  des 
grandes  functions  visuelles  que  sont  la  vision  des  details,  la 
vision  des  couleurs. . . 

Apres  les  relais  dans  les  struaures  les  plus  profondes  du 
tronc  cerebral,  des  voies  directes  vehiculent  les  influx  nerveux 
vers  les  aires  cerebrales  visuelles  primaires.  Au  niveau  des 
aires  associatives,  des  projections  des  autres  systemes 
sensoriels  conjuguent  leurs  informations.  Au  deli,  mdme  si 
des  travaux  de  neurophysiologie  sur  la  memorisation  des 
evenements  ont  montre  I'intervention  de  structures  cerebrales 
profondes,  les  donnees  objectives  dont  on  dispose  a  I'heure 
actuelle  sont  encore  limitees.  On  retrouve  U  encore 
I'opposition  entre  theories  localisationniste  et  connectionniste. 
Les  travaux  les  plus  recents  remettem  mfime  en  question 
compietement  ces  localisations  de  la  memoire  (Rosenfield 
1988).  Seules  des  techniques  de  psychologie  cognitive 
proposent  on  modeie  fonctionnel  des  etapes  ulterieores  du 
traitement  d'infonnation. 

Dans  I'execution  d'une  tlche  precise,  seule  une  zone 
relativement  limitee  de  la  memoire  globale  est  activee,  la 
memoire  de  travail.  Les  informations  contenue  dans  cette 
sous-p«tie  de  la  memoire  ne  sont  accessibles  qu'au  moyen  de 
techniques  particulieres  de  psychologie  cc^nitive.  L'expertise 
extrait  les  connaissances  et  leurs  r^les  d'utilisation  poor  une 
thche  particuliere  (Sperandio- 1 984). 

3  La  photometric 

La  photometrie  traduit  la  sensibilite  du  systeme  visuel  a 
renetgie  vebicuiee  par  cbacune  des  differentes  longueurs 
d'onde  du  rayonnement  incident. 


A  paitir  des  travaux  de  Coblentz  et  Emerson  (1918) 
en  1921  la  C.  I.E.  a  etabli  an  observateur  de  reference.  La 
courbe  d'efficacite  lumineuse  relative  (ou  V  Lamda)  traduit  la 
sensibilite  du  systeme  visuel  aux  differentes  longueurs  d'onde 
(Figure  4). 


Figure  4  :  Courbes  d'efficacite  lumineuse  relative 

La  couibe  d'efficacite  lumineuse  relative  a  ete  etablie  en 
vision  de  jour  ou  vision  photopique  (imensite  lumineuse 
superieure  a  10  candelas  par  m2).  Par  la  suite,  la  sensibilite 
dans  le  domaine  scotopique  a  egalement  ete  etablie.  Cette 
couibe  doit  etre  utilisee  pour  toutes  les  mesures  de  lumiere 
effectuees  en  vision  nocturne  quand  I'intensite  lumineuse  est 
inferieure  a  10  cd/m2.  Pour  les  intensites  lumineuses 
intermediaires,  appartenant  au  domaine  de  la  vision 
mesopique,  bien  que  beaucoup  d'etudes  soient  menees 
actuellement,  il  n'existe  pas  encore  de  couibe  d'efficacite 
lumineuse  relative  adiqitee  a  ce  type  de  vision.  II  s'agit  done 
d'un  domaine  visuel  difficile  a  utiliser,  car  assez  mal 
caracterise  et  qualifie.  Par  ailleuis  cette  couibe  a  ete  etablie  en 
vision  centrale.  EUe  ne  sera  done  valable  et  applicable  que 
dans  ces  differentes  conditions. 

4  La  colorimetrie  on  la  conlenr  et  in  meinre 

Alors  que  la  photometrie  traduit  I'effet  de  I'eneigie  d'un 
rayonnement,  la  colorimetrie  evalue  le  contenu  en  longueur 
d'onde,  ce  que  Ton  nomme  communement  sous  le  terme  de 
couleur. 

La  couleur  n'existe  pas  dans  le  monde  reel  physique  qui 
nous  entoure.  EUe  ibsulte  de  I'int^^ration  par  I'ensemble  des 
mecanismes  du  systeme  visuel  (depuis  les  photorecepteurs 
jusqu'aux  centres  nerveux  les  plus  superieuis)  des  differentes 

longueurs  d'onde  sur  chaque  structure. 

Comme  pour  la  photometrie,  deux  aspects  doivent  etre 

distingues,  conmis  et  mis  en  relation:  un  aspect  physique  et  un 
aspect  psychophysiologique.  Pour  chacim  d'entre  eux  une 
couleur  se  definit  si  Ton  a  precise  trois  notions  indispensables. 
II  n'y  a  pas  de  couleurs  et  suitout  de  communication  de 
couleurs,  sans  definition  aussi  precise  que  possible  de  cbacun 
des  trois  termes.  PlutAt  qu'une  description  theorique  de 
chaque  terme,  le  tableau  3  indique  chacun  d'entre  eux  avec 
lews  relations  en  fonction  du  domaine  considere,  physique  ou 
psychophysiologique. 
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Ti^lem  3  ;  Correipaiiitafflce  eotre  les  aq)ects  phyaqaes  et 
psychophysiques  de  U  couleor 


Ptaysiqne 


Psydiopbysiqae 


Loognew  d'onde  dofflinaioe 

Lofflinance 

PoreU  colorimdtriqve 


Teinte 

Luininoatt 

Saturation 


Outre  ces  definitions  les  deux  aspects  physique  on 
psychophysiolagique  soot  d  la  base  de  mithodes  de  mesures  et 
de  comparaisons  des  couleurs. 

De  mamdre  synthetique,  ces  notions  peuvent  dtre 
resumees  par  les  deux  paints  snivants; 

-  Physique  etoriM^le  des cotUeursC. IE. : 

A  partir  essendellement  des  donndes  physiques  et  de 
physiologie  de  la  vision  des  couleurs,  la  C.I.E.  a  ddfiai  en 
plusieurs  occasions  des  sytdmes  de  representation  des 
couleurs.  Nous  ne  developperons  pas  id  la  demarche 
expenmemale,  seals  les  rdsultats  soot  presences  sur  on  mode 
pratique,  d  savoir  I'utilisatioa  d'une  mechode  de  comparaison 
des  couleurs.  Les  couleurs  appartiennenc  d  un  volume 
complec.  Une  coupe  dans  ce  volume  petpendiculairement  d 
I'axe  des  imensites  lamiaeases  peut  etre  materialisee  sous  la 
forme  do  triangle  des  couleurs  normalise  one  premiere  fois  en 
1931  (vision  photopique  et  champ  d'observation  de  2  degres). 
Tout  est  base  sur  des  mesures  physiques  des  couleurs  de  la 
source  lumineuse,  qu'elle  soit  pdmaire  ou  secondaire.  A  partir 
de  ces  mesures  une  conversion  esc  effectuee, 
mathematiquement  pour  aboucir  aux  coordonnees 
colorimetriques  crichromatiques  qui  soot  repositionnees  sur  le 
triangle. 


Figure  5  :  Triangle  des  couleurs  CIE  193 1 

C'esc  en  fait  en  tenant  compte  des  coordonnees  des 
couleurs  dans  ce  type  de  repere  que  Ton  peut  comparer 
(hverses  lituatioos  (Laycock  et  Viveaah) 


-Psychophysique  ee  etlas  de  compursdsoa  type 
AfUNSELL 

D'autres  methodes  de  ctunparaison  de  couleurs  ntilisenc 
la  comparaison  d  I'aide  de  sa  vision  par  nq>port  d  des 
echantillons  de  reference.  La  subjectivite  de  robservateur  est 
impottante.  Les  cooditioiis  d  dclainye  des  echantilloas  doit 
etre  rigoureuse  an  risque  de  modifier  I'apparence  des  couleurs. 
En  general  ces  methodes  sont  reservdes  d  des  sources 
secottdaires  de  lumiere.  Differents  systdmes  existent  en 
fonction  des  parametres  pris  en  compte  (exemple  de  I'atlas  de 
Munsell). 

S  La  artictMc  xpniotcmporclle 

Auparavant,  seule  I'intensite  lumineuse  globale  ou 
fn^mentaite  ainsi  que  la  couleur  de  differentes  plages  ont  ete 
envisagdes.  Pour  consfituer  I'image  efficace  d  partir  de  laquelle 
le  systeme  visuel  pourra  effectuer  des  traitements  particuliers 
du  type  reconnaissance  de  formes,  des  informations 
specifiques  sur  la  taille  des  elements  constitutifs  de  I'image 
doivent  etre  pris  en  compte.  On  peut  aloes  veritablement  parler 
d'oeganisation  dans  I'espace  de  la  lumiere. 

S-1  Structure  spatiale: 

L'acuite  visuelle  fut  la  premiere  approche  permettant 
d'apprecier  le  pouvoir  de  discrimination  le  plus  fin  du  systeme 
visuel  pour  des  contrastes  maximum  d  un  element  d  I'autre  de 
I'image. 

Mais  la  notion  d'acuite  visuelle  est  tres  limitative.  Elle 
n'est  applicable  que  dans  ce  cas  de  coniraste  maximum  pour 
des  details  de  trds  petite  dimensioa  Des  que  les  contrastes 
diminuent  ou  que  les  details  deviennent  plus  larges,  l'acuite 
visuelle  n'est  plus  mesurable.  U  n'y  a  pas  d'examen  qui 
renseigne  sur  les  capacites  d'un  individu  a  percevoir  dans  ces 
conditions  qui  sont  pourtant  courantes  dans  notre  vie 
quotidienne.  II  faut  avoir  recours  d  la  determination  de  la 
sensibilite  aux  contrastes  du  systeme  visuel. 

Le  contraste  et  la  largeur  des  elements  contenus  dans  une 
image  sont  des  parametres  importants  de  la  perception  des 
formes.  Se  pose  en  effet  le  probldme  de  la  definition  de 
r organisation  des  constituants  d'une  image. 

La  verbalisation  est  d'un  interdt  limite.  Elle  introduit  une 
part  non  negligeable  de  connaissance,  de  memorisation, 
d'apprentissage  (en  d'autres  tenues,  de  psychologie  et  de 
subjectif)  pour  definir  une  forme  et/  ou  un  objet.  Tout  est 
guide  par  la  representation  et  la  prototypisation  des  objets 
effectudes  par  I'individu.  Ce  Q'pe  d' analyse  est  couramment  et 
souvent  inconsiderement  utilise. 

La  deuxidme  iqiproche  est  lide  d  I'analyse  d'imqge  sur  un 
mode  informatique.  Ce  sont  les  techniques  d'analyse  et  de 
traitement  d'images  complexes  qui  ont  fait  comprendre 
rinterdt  de  caraetdriser  et  de  definir  le  plus  prdcisement 
possible  I'organisation  de  la  lumidte  dans  I'espace,  selon  des 
attributs  particuliers.  Ce  semt  eux  que  nous  allons  utiliser. 
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Les  m^odes  d'analyse  et  de  trattement  d'image  ucilisent 
la  notion  (te  frequence  spatiale.  Un  signal  quelconque  sur 
lequel  on  appliqne  I'opdrateur  de  FOURIER  pent  dtre 
dteofflposd  en  une  somme  de  signaux  ou  frequences 
stnusoidaux.  La  frequence  la  plus  large  est  la  frequence 
fondamentale;  les  frequences  plus  eievees  sont  les 
harmoniques  d'ordre  superieur.  Une  seule  frequence 
sinusotdale  constitue  done  le  signal  le  plus  simple.  EUe  peut 
etre  visualisee  sous  la  forme  d'un  reseau,  c'esi  a  dire  une 
structure  repetitive  dont  la  largeur  des  bandes  plus  ou  moins 
Claires  ou  plus  ou  moins  sombres  est  caractetistique  de  cette 
frequence  exprimee  en  cycles  par  degre  d'angle  visuel.  Cette 
altemance  de  bandes  est  due  aux  variations  dans  I'espace  de  la 
luminance  d'une  couleur  de  tonalite  bien  definie.  Cette 
definitioa  d'un  reseau  et  les  differents  types  en  fonction  de  la 
variation  de  la  luminance  sont  representes  sur  la  figure  6. 
L'operatenr  de  Fourier  possede  deux  termes:  un  d'amplitude  et 
un  autre  de  phase.  La  plupatt  du  travail  utilisant  I'operateur  de 
Fourier  est  realise  sur  I'amplitude.  Le  spectre  d'amplitude 
caracterise  rimportance  de  chacune  des  differentes  frequences 
contenues  dans  une  imi^e.  Mais  ce  spectre  d'amplitude  ne 
rend  absolument  pas  compte  de  la  localisation  d'un  element 
particulier  en  un  point  de  I'image.  Pour  ntiliser  couramment  la 
phase,  les  calculs  seraient  fastidieux.  II  est  difficile  de 
travailler  sur  la  phase  d'images  complexes. 


0 
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Figure  6  :  Definition  d'un  reseau 


La  decomposition  en  aerie  de  Fourier  fut  la  premiere 
decomposition  mathematiqne  permettant  de  mieux  connaitre  le 
contenn  spatial  global  d'une  image.  EUe  a  initie  bon  nombre  de 
travanx  en  nenrophyaiolagie  avec  I'utilisation  de  frequences 
spaiialea  sinusoidales  sons  la  forme  de  reseanx  de  profil 
sumsoidal  de  luminance. 


C'eat  entre  autre  les  travaux  de  Campbell  et  Robson 
ou  d'Enroth-Cugel  et  Robson  qui  ont  montre  le 
fonctionnement  en  analyseur  frequentiel  du  systeme  visuel. 

L'lnteret  d'utiliser  des  reseaux  sinusoisaux  est  tknible: 

-II  y  a  tout  d'abord  un  interdt  mathematique  ou  physique. 
L'eiement  unitaire  d'une  decomposition  par  la  tranfonnee  de 
Fourier  eat  le  reseau  sinusoidal. 

-U  y  a  aussi  un  deuxieme  interdt  qui  est  neurophysiologique. 
Les  travaux  des  diffdrentes  dquipes  dont  celles  de  Hubei  et 
Wiesel  ont  montrd  qu'une  cellule  quelconque  du  systdme 
visuel  rdpondait  sdlectivement  d  une  bande  relativement  etroite 
de  frequences  spatiales.  EUes  sont  accorddes  sur  une  zone 
frequentielle.  II  existe  environ  8  bandes  pour  couvrir 
I'ensemble  du  domaine  visible  (De  Valois).  Le  paralieiisme 
par  nqipott  d  la  determination  de  I'acuite  visuelle  est  represente 
sur  la  figure  7.  La  courbe  superieure  correspond  d  la  fonction 
de  sensibilite  au  contraste  du  systdme  visuel. 


Figure  7  :  Acuite  visuelle  et  Fonction  de  Sensibilite  an 
contraste. 


Si  la  transformation  de  Fourier  est  trds  intdressante  pour 
connaitre  le  contenu  frdquentiel  d'une  image,  elle  ne  permet 
aucunement  de  localiser  une  frequence  ou  un  element 
particulier  dans  Timage.  Or  cette  information  de  structure  dans 
I'espace  est  essentielle  pour  la  representation  d'une  forme. 

D'antres  opdrateurs  ont  dtd  proposes.  On  peut  citer  celui 
de  GABOR,  couramment  utilise  il  y  a  quelques  anndes  en 
psychophysique.  II  s'agit  en  quelque  sorte  d'un  opdrateur  de 
Fourier  d  fenCtre  bomde.  L'inconvenient  est  la  fendtre  fixe, 
invariable,  quelle  que  soit  la  frequence  spatiale  analysde,  basse 
oudlevde. 

Rdcemment  la  transformation  par  ondelettes  a  dtd 
ptoposde  pour  analyser  des  signaux  dans  des  dmnaines  varies: 
gdophysique  (Morlet),  aconstique  (Grossmann).  Duval- 
Destin  et  Menu  font  iqr(diqne  d  la  vision.  Par  rapport  d  la 
fonction  de  Gabor,  la  fendtre  d'analyse  est  variable  avec  la 
frequence  spatiale;  elle  est  dtroite  poor  une  frequence  dlevd, 
laige  pour  une  plus  basse  frequence.  L'intdrdt  majeur  de  ce 
type  de  transformation  est  mamfestemeot  de  poovoir  localiser 
un  element  d'une  largeur  donnde  dans  une  image.  De  plus  la 
forme  des  ondelettes  utilisdes  peut  dtre  tout  d  fait  en  accord 
avec  la  forme  des  champs  rdeepteurs  de  cellules 
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gaqgliaoiiaires.  Oa  peat  mtmt  evec  des  formes  q>teifiqaes  et 
des  orienucioas  spdcifiqaes  de  ces  ondeleaes  ddtecter  des 
tiemeaa  d'otiemstioa  donate  (obliques. .). 

Les  optradons  difftreotes  pouvoat  ftre  extcattes  snr  les 
images  sont  reprtsenttes  sor  la  flgnre  8.  EUe  indiqae  les 
difftrenoes  essendelles  esistaat  sur  an  plan  maclitmatique 
enire  les  trots  optrateors. 


Figure  8  :  Difftrenees  entre  optnteor  de  Fooher,  Gabor  et 
Ondeleaes 

U  est  possible  de  dtfinir  one  mttriqae  de  la  stimolaiion 
visaelle,  parfaitement  adaptte  oux  premiers  ttages  de  la 
foncdon  visaelle.  C'est  on  premier  pas.  C'est  le  seal  qoi 
assure  one  calibration  de  I'image  d'entrte  dans  le  systtme 
visuel.  U  est  indtspensable  d'otiliser  ane  telle  mttrique, 
equivalent  dans  le  domaine  spatial  de  ce  que  la  C.I.E.  a 
propose  il  y  a  quelques  anotes  poor  la  pbotocolorimetrie. 

Ce  domaine  est  particulierement  important  en 
atronautique  et  tout  particulierement  lots  de  mauvoises 
conditioas  meteorologiqaes  oo  Ion  de  I'utilisation  de  systemes 
de  suppieance  a  la  vision  nocturne  (FLIR,  Jumelles  de  Vision 
Nocturne). 

S-2  Stractare  temporelle; 

Une  demarcfae  tres  voisine  avait  ete  appliquee 
anteriearemeat  au  domaine  temporel  depois  les  trovauz  de  De 
Lange  (19S8). 

Si  I  on  effectue  une  decomposition  temporelle  de  la 
sdmulatiaa  visoelle.  difftrentes  tventnalites  existent: 

-Quand  le  temps  d'expositioa  a  deux  niveanx  de  luminance 
tres  differents  (avec  un  contraste  important,  maximum  entre 


les  deux  plages)  est  lopg,  visuellement  il  existe  one  altemance 
entre  one  plt^e  claire  et  une  plege  plus  sombre. 

le  temps  d'expositioa  est  raccoard,  on  pi^lattement  (on 
flicker)  entre  les  deux  plages  se  manifeste. 

-Quand  les  temps  sont  trbs  coons,  en  dessons  d’one  ceitaine 
limite,  le  piqiillatemeot  disparait  et  la  plage  spporalt  omforme, 
stable.  On  a  mteint  la  frbquence  critique  de  fusion  des  deux 
plages  pour  ces  niveanx  de  luminances  initianx. 

Les  premiares  itudes  ont  H6  menaes  avec  on  contraste  de 
luminance  maximum  entre  les  deux  fltges  (De  Lange).  Des 
etudes  plus  racemes  ont  testa  non  seulemem  I'inflnence  de  la 
fraquence  temporelle  mais  anssi  do  contraste.  Les  rasultats 
som  ainsi  tout  a  fait  comparables  pour  le  domaine  temporel  a 
ce  que  nous  avons  prasenta  anparavant  dans  le  domaine 
spatial,  les  cycles  par  degra  d' angle  visuel  som  remplacas  par 
des  cycles  par  seconde  on  Henz  (figure  9).  Ces  conditioas  et 
ces  diffarents  seuils  som  a  prendre  en  compte  lors  de  la 
ddinition  de  systame  d'aide  a  la  perception  (afin  qu'ils  soiem 
percus  comme  stables  et  non  pas  en  pq>illatemem).  U  fom 
noter  agalemem  que  cette  sensibilita  temporelle,  comme  la 
sensibilita  spatiale  avolue  en  fonction  de  nombreux  facteurs 
(imensita  lumineuse,  excemricita  de  prasemation. . ). 


Figure  9  :  Sensibilita  temporelle  (d'apras  Kelly  1961) 

S-3  Structure  spatiotemporelle: 

Dans  les  paragrapbes  pracadents,  chacune  des 
dimensions  atait  isoiae.  Or  dans  les  images  les  deux  aiamems 
avoluent  paraliaiemem  ce  qui  introduit  la  notion  de 
fflouvemem. 

La  sensibilita  de  I'oeil  aux  mouvements  n'est  pas  la 
somme  des  sensibilitas  spatiale  et  temporelle.  Les 
carmctaristiqaes  du  mouvemem  en  lui-mame  som  des  alammos 
analysas  par  le  systame  visuel.  Bonnet  ( 1 984)  a  propose  un 
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modde  pqrchophysique  de  la  pcrceptioa  du  moovefflent.  U  est 
basd  snr  I'eidtteace  de  deux  syadmes:  I'un  analyseur  de 
mobilitd  ptenant  en  compte  le  paramitre  vitesse,  I'aotre 
aaalyiegrdeddplaceffleiittefflaiscoinptedelaposicioti.  LerAle 
de  I'utt  et  de  I'antre  est  vviable  en  fonction  de  rexcenciicicb 
rdtinienne  (le  systdme  analysenr  de  ddplacement  est 
predominant  en  vision  centrale;  le  systbrne  analyseur  de 
mouvement  est  preponderant  en  vision  peripherique). 

Conclnsions: 

Voler  la  nuit  implique  de  bien  connaitre  les 
caracteristiqves  d'enttee  dans  le  systeme  visuel  pour  pouvoir 
optiffliser  le  fonctionnement  de  ce  systeme.  U  faut  en  connaitre 
les  aspeca  physiques  et  definir  le  plus  predsement  possible  ce 
qui  penetre.  Si  des  connaissances  sur  I'intensite  lumineuse, 
sur  les  couleurs  ont  ete  normalisees  depuis  de  nombreuses 
annees.  il  est  absolument  essentiel  de  prendre  en  compte 
rorganisation  de  la  lumieie  dans  I'espace  et  dans  le  temps. 
Cette  action  passe  par  une  meilleure  connaissance  des 
mdcanismes  d'analyse  par  le  systeme  visuel  lui-meme,  mais 
aussi  par  une  evaluation  la  plus  precise  possible  de  I'image, 
les  techniques  d'analyse  et  de  traitement  d'images  en 
constituant  la  base.  La  description  des  formes  ne  doit  plus  etre 
limitee  e  une  verbalisation  du  contenu  mais  elle  passe 
necessairement  par  une  quantification  de  la  structure 
spatiotemporeUe. 
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PERCEPTION  IN  FLIGHT:  SHAPE  AND  MOTION  PERCEPTION,  SPACE  PERCEPTION, 
SPATIAL  ORIENTATION  AND  VISUAL  VESTIBULAR  INTERACTION 


Herschel  W.  Leibowitz 
Pennsylvania  State  University 
University  Park,  PA,  16803,  USA 


SUMMARY 

Differences  between  the  normal 
terrestrial  and  the  flight 
environment  are  described  which 
may  lead  to  perceptual  errors  in 
flight.  Specific  examples 
involving  the  perception  of 
shape  and  height  are  discussed 
as  they  may  relate  to  nighttime 
landing  accidents.  The  possible 
role  of  misperceived  risk  is 
suggested  as  a  contributing 
factor.  The  mechanisms  subserv¬ 
ing  motion  perception  and  gaze 
stability  are  outlined  briefly 
as  the  basis  for  understanding 
false  sensations,  illusory 
motion,  spatial  disorientation, 
and  motion  sickness.  It  is 
suggested  that  an  appropriate 
countermeasure  to  perceptual 
errors  in  the  nighttime  flight 
environment  is  to  inform  flight 
crews  of  the  mechanisms  and  mode 
of  operation  of  the  perceptual 
systems  involved  as  the  basis 
for  understand  how  they  might 
misf unction. 

1  INTRODUCTION 
Our  perceptual  systems  are 
normally  quite  efficient.  They 
provide  information  about  our 
environment  which  subserves 
object  recognition,  locomotion 
and  spatial  orientation  accu¬ 
rately  under  a  wide  range  of 
environmental  conditions  and 
illumination  levels,  and  when 
operating  vehicles  in  the 
terrestrial  environment.  Howev¬ 
er,  the  flight  environment 
presents  many  unique  challenges 
to  the  perceptual  system  which 


may  result  in  false  sensations, 
illusions,  spatial  disorienta¬ 
tion  or  motion  sickness.  These 
difficulties  stem  from  differ¬ 
ences  between  the  normal  terres¬ 
trial  and  the  flight  environ¬ 
ment. 

2  CUE  REDUCTION 
In  comparison  with  terrestrial 
vision,  vision  in  aircraft  is 
degraded  or  impoverished.  For 
example,  on  earth  a  large  number 
of  cues  are  available  which 
permit  us  to  judge  distance, 
depth,  and  shape  (1) .  In  flight, 
most  of  these  cues  are  absent  so 
that  the  accurate  perception  of 
these  dimensions  is  extremely 
difficult.  For  example,  during 
daytime  landings,  there  are 
numerous  cues  to  height,  dis¬ 
tance,  and  shape  available. 
Although  they  may  be  different 
in  some  respects  from  terrestri¬ 
al  cues,  pilots  are  able  to 
learn  to  use  them.  At  night, 
many  of  these  cues  may  be  absent 
particularly  when  approaching  a 
landing  strip  over  water  or 
unilluminated  terrain,  e.g.,  a 
"dark  hole"  approach. 

3  VISUAL  VESTIBULAR  INTERACTION 
Spatial  orientation  is  a  joint 
function  of  three  interacting 
sensory  systems;  visual,  vesti¬ 
bular,  and  somatosensory  (2) . 
These  systems  also  serve  the 
critical  function  of  gaze 
stability,  the  compensatory 
movements  of  the  eyes  which 
maintain  a  stable  retinal  image 
during  head  movement.  However, 
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passive  motion  in  a  closed 
compartment  such  as  a  cockpit 
results  in  a  pattern  of  stimula¬ 
tion  different  from  that  normal¬ 
ly  encountered  in  the  terrestri¬ 
al  environment.  For  example, 
when  the  head  moves  to  the 
right,  the  eyes  must  move  to  the 
left  in  order  to  preserve 
fixation.  This  compensatory 
movement  is  generated  concur¬ 
rently  by  visual  (nystagmus) 
and  vestibular  (vestibulo- 
ocular)  reflexes  both  of  which 
initiate  movement  of  the  eyes  in 
a  direction  opposite  to  head 
motion.  However,  in  a  closed 
compartment  such  as  an  aircraft 
cockpit,  these  reflexes  produce 
signals  in  opposite  directions. 
Head  movement  to  the  right  will 
result  in  a  vestibular  signal  to 
move  the  eyes  to  the  left,  but 
the  visual  signal  will  be  to  the 
right,  in  the  direction  of  the 
motion  of  the  visual  contours. 
This  incompatibility  between 
visual  and  vestibular  signals, 
referred  to  as  visual-vestibular 
mismatch,  is  a  prime  cause  of 
spatial  disorientation  and 
motion  sickness.  Sensory  mis¬ 
match  can  occur  in  any  closed 
compartment  which  is  in  motion, 
including  ships  and  automobiles, 
but  the  problem  is  exacerbated 
in  flight  because  of  the  higher 
level  of  activation  of  the 
vestibular  system. 

There  are  two  techniques  for 
ameliorating  undesirable  effects 
of  the  flight  environment  on 
perception.  The  classical 
approach  of  the  human  factors 
engineer  when  perceptual  systems 
misfunction  is  to  "remove  the 
human  from  loop"  and  assign  the 
task  to  automatic  equipment.  A 
well-known  example  is  the  false 
sensations  produced  by  the 
vestibular  system  in  flight. 
Pilots  are  of  course  trained  to 
rely  on  their  instruments  for 


information  regarding  attitude, 
altitude,  speed,  rate  of  climb, 
etc.,  and  to  Ignore  sensations 
of  body  position  and  movement 
( 3 ) .  However ,  some  segments  of 
the  flight  necessarily  involve 
human  perception  and  these 
judgments  may  at  times  be 
inaccurate.  In  these  cases,  the 
best  antidote  is  to  apprise 
pilots  of  possible  perceptual 
errors  so  that  appropriate 
compensatory  measures  can  be 
taken.  It  has  been  said  that  "It 
is  not  the  devil  we  know  but  the 
devil  we  do  not  know  who  causes 
difficulties".  Unfortunately,  we 
are  not  always  aware  when  our 
perceptual  systems  misfunction. 
One  objective  of  this  essay  is 
to  apprise  pilots  of  potential 
perceptual  errors  so  that 
appropriate  countermeasures  may 
be  taken. 

4  SHAPE  PERCEPTION 
The  retinal  image  of  objects 
corresponds  to  the  true  shape 
only  when  the  line  of  sight 
between  the  eye  and  the  object 
is  90  degrees.  For  any  other 
angle  of  observation,  the 
retinal  image  is  systematically 
distorted.  Circles  are  imaged  as 
ellipses,  squares  and  rectangles 
as  trapezoids,  etc.  In  spite  of 
this  retinal  image  distortion, 
we  generally  perceive  shape 
correctly.  The  process  by  which 
the  perceptual  system  compen¬ 
sates  for  retinal  image  distor¬ 
tion  resulting  from  slant  is 
referred  to  as  shape  "con¬ 
stancy".  A  necessary  condition 
for  shape  constancy  is  apprecia¬ 
tion  of  the  slant  or  slope  of 
the  object  or  the  surface  on 
which  it  rests.  The  relevant 
information  is  provided  by 
surface  texture  and  other  cues 
subserving  depth  and  distance 
perception.  In  effect,  the 
perceptual  system  "takes  into 
account"  the  slant  of  the  object 
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and  automatically  corrects  for 
retinal  image  distortion. 

In  the  flight  environment,  the 
relevant  cues  may  be  missing  or 
degraded.  When  viewed  from  high 
altitudes,  surface  texture  as 
weir  as  other  cues  to  depth  are 
significantly  reduced.  However, 
at  night,  particularly  during  a 
"dark  hole”  approach,  they  are 
effectively  eliminated.  Consider 
for  example  a  runway  on  sloping 
terrain.  During  daylight  in 
clear  weather,  the  slope  is 
readily  apparent.  However,  at 
night,  or  under  conditions  of 
poor  visibility,  only  the  runway 
lights  may  be  visible.  This  in 
turn  can  result  in  misestlmation 
of  height  and  lead  to  landing 
short  or  landing  long  accidents. 

Conrad  Kraft  illustrates  this 
problem  by  asking  us  to  imagine 
that  we  are  approaching  a  runway 
and  viewing  it  from  different 
altitudes  (4) .  At  high  altitudes 
the  runway  lights  appear  paral¬ 
lel  or  close  to  parallel,  but  as 
altitude  is  reduced,  the  lights 
at  the  far  end  of  the  runway 
appear  to  converge.  During 
approach  under  impoverished 
conditions,  apparent  convergence 
serves  as  a  cue  to  height. 
However,  if  the  terrain  is 
sloped  downward  toward  the 
observer,  the  apparent  conver¬ 
gence  is  reduced  and  conversely, 
if  the  terrain  is  sloped  away 
from  the  approaching  aircraft, 
the  convergence  will  be  exagger¬ 
ated.  Kraft  has  presented 
evidence  that  for  nighttime 
approaches,  landing  short  and 
landing  long  accidents  are 
related  systematically  to  the 
slope  of  the  terrain  (4) . 

5  DISTANCE  AND  HEIGHT 
PERCEPTION 

Analogous  to  shape  perception, 
many  of  the  cues  subserving  size 


and  distance  perception  in  the 
cerrestrial  environment  are 
reduced  or  eliminated  during 
flight.  Normally,  a  large  number 
of  cues  are  available  such  as 
the  convergence  of  the  eyes, 
perspective,  monocular  parallax, 
stereoscopic  depth,  etc  (1) .  At 
altitude,  the  principal  remain¬ 
ing  cue  is  familiar  size.  We 
know  how  large  a  specific  object 
appears  and  utilize  the  extent 
of  its  apparent  diminution  as 
the  basis  for  estimating  dis¬ 
tance.  A  necessary  prerequisite 
for  the  use  of  this  cue  is 
correct  identification  and 
familiarity  with  the  other 
aircraft  in  question. 

In  spite  of  the  paucity  of  cues, 
experienced  pilots  can  estimate 
altitude  accurately  during 
daylight.  However,  at  night  when 
approaching  an  airport  over  a 
dark  area,  heights  are  generally 
overestimated.  This  in  turn  can 
lead  to  approaches  that  are  too 
low.  Kraft  has  presented  evi¬ 
dence  that  this  illusion  of 
height  during  a  dark  hole 
approach  was  responsible  for  a 
number  of  accidents  involving 
the  newly  introduced  Boeing  727. 
Reliance  on  our  perceptual 
system  is  at  times  essentially 
automatic  and  justifiably  so. 
Automatic  information  processing 
permits  us  to  utilize  our 
limited  conscious  capacity  for 
the  perception  and  recognition 
of  critical  objects  and  events, 
and  frees  us  from  the  burden  of 
paying  attention  to  routine  or 
less  important  inputs.  If  oar 
perceptual  systems  were  not 
accurate  most  of  the  time  we 
would  be  well  advised  to  elimi¬ 
nate  their  inputs  by  shutting 
our  eyes  or  blocking  our  ear 
canals.  Fortunately,  this  is  not 
the  case.  With  few  exceptions, 
our  perceptual  system  provides 
us  with  accurate  information 
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and,  particularly  for  spatial 
orientation,  does  so  with  very 
little  effort  or  awareness  on 
our  part  (3) .  For  these  reasons, 
it  is  essential  that  we  take 
special  measures  to  apprise 
ourselves  of  situations  in  which 
we  can  be  misled  by  errors  in 
perception.  On  both  a  theoreti¬ 
cal  as  well  as  an  empirical 
basis,  it  is  clear  that  size, 
distance,  depth,  and  shape 
perception  are  subject  to 
systematic  errors  in  the  flight 
environment,  particularly  at 
night.  In  common  with  all 
illusions,  we  are  not  normally 
directly  aware  of  these  errors. 
In  cases  in  which  perceptions 
may  be  inaccurate,  pilots  should 
be  advised  to  rely  on  other  more 
reliable  sources  of  information. 

6  "DARK  HOLE  ACCIDENTS" 

THE  RESEARCH  OF  CONRAD  KRAFT 
A  dramatic  example  is  provided 
by  the  nighttime  landing  acci¬ 
dents  with  the  Boeing  727  when 
it  was  first  introduced  into 
service  in  the  late  1960's. 
Investigation  of  the  accidents 
did  not  suggest  any  reason  to 
suspect  mechanical,  instrumenta¬ 
tion,  or  structural  failure. 
Conrad  L.  Kraft,  at  that  time 
the  chief  human  factors  engineer 
for  the  Boeing  Company,  noted 
striking  similarities  among  the 
accidents:  They  all  involved 
landing  short  at  night  under 
clear  visibility  (VFR)  condi¬ 
tions,  and  the  approach  to  the 
runway  was  over  a  dark  area, 
either  water  or  unilluminated 
terrain  (4) .  Utilizing  a  flight 
simulator  which  did  not  have  an 
altimeter,  he  asked  experienced 
pilots  to  fly  an  approach  and  to 
estimate  their  altitude  verbally 
during  a  simulated  nighttime 
landing.  Even  these  highly 
skilled  pilots  (mostly  instruc¬ 
tors  from  the  Boeing  flight 
staff) ,  systematically  overesti¬ 


mated  their  altitudes.  He  then 
asked  them  to  fly  a  typical 
approach  from  10,000  feet.  The 
results  indicated  that  these 
experienced  pilots  thought  they 
were  higher  than  was  actually 
the  case.  As  a  consequence  of 
the  visual  overestimation  of 
altitude,  they  flew  below  the 
intended  flight  path.  Under 
these  special  conditions, 
nighttime,  clear  weather  and 
approach  over  dark  terrain, 
pilots  may  overestimate  altitude 
and  tend  to  fly  too  low.  Kraft 
documented  a  number  of  reports, 
not  only  of  accidents  but  of 
"near  misses" ,  under  these 
special  conditions.  He  also 
presented  evidence  from  both 
surveys  and  simulators  studies 
that  the  problem  is  exacerbated 
when,  as  predicted  theoretical¬ 
ly,  the  runway  is  not  level. 

7  MISESTIMATED  RISK 
These  data  should  raise  a 
question  in  the  mind  of  the 
reader.  Pilots  are  well  aware  of 
the  danger  of  flying  too  low.  As 
a  pilot  explained,  "No  one  wants 
to  set  the  record  for  low 
altitude  flying!".  Why  then 
would  pilots  fail  to  monitor 
their  altimeters  during  ap¬ 
proach?  A  possible  answer  is 
related  to  the  fact  that  landing 
is  one  of  the  most  demanding 
tasks  faced  by  a  pilot.  Informa¬ 
tion  must  be  absorbed  at  a  rapid 
rate  and  processed  quickly.  In 
view  of  these  multiple  demands, 
pilots  may  assign  a  lower 
priority  to  tasks  which  have  a 
low  estimated  risk.  Stated 
differently,  pilots  must  monitor 
airspeed,  follow  instructions 
from  the  tower,  look  out  for 
other  aircraft,  etc.  In  view  of 
these  multiple  responsibilities, 
they  may  assign  a  lower  priority 
to  those  tasks  about  which  they 
feel  confident  such  as  height 
estimation.  As  a  result,  they 
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either  check  the  altimeter  less 
frequently  or  fail  to  monitor  it 
if  they  feel  that  their  visual 
estimates  of  altitude  are 
correct.  When  faced  with  multi¬ 
ple  demands,  we  typically  set 
priorities  and  direct  our 
attention  to  those  events  which 
we  assume  pose  the  greatest 
immediate  threat  under  the 
circumstances  (5) . 

The  idea  of  a  hierarchy  of 
perceived  risks  is  not  limited 
to  nighttime  landings.  Indeed, 
many  transportation  mishaps, 

(and  probably  many  non-transpor¬ 
tation  accidents  as  well)  can  be 
interpreted  in  terms  of  misesti¬ 
mated  risk.  An  effective  coun¬ 
termeasure  is  to  analyze  the 
mechanisms  involved  and  to  alert 
those  involved  when  their 
judgments  are  liable  to  result 
in  unjustified  underestimation 
of  a  risky  situation. 

With  respect  to  the  phenomenon 
of  the  overestimation  of  alti¬ 
tude  during  dark  hole  approach¬ 
es,  the  mechanism  of  the  height 
estimation  error  is  not  well 
understood.  Distance  estimates 
for  ranges  beyond  a  few  meters 
depend  on  the  complexity  of 
environmental  depth  and  distance 
cues.  In  a  dark  hole  approach 
most  of  the  cues  available 
during  the  daytime  are  absent  so 
it  is  not  surprising  that  height 
judgments  are  in  error.  However, 
it  is  not  clear  why  the  error 
should  be  in  the  direction  of 
overestimation.  The  problem 
remains  a  challenge  for  percep¬ 
tual  researchers.  Suffice  it  to 
say  that  pilots  should  be  aware 
of  this  systematic  error  and 
rely  on  their  instruments  during 
night  visual  approaches. 

8  ILLUSIONS  OF  MOTION  AND  THE 
EFFERENT  SIGNAL 


The  great  19th  century  scien¬ 
tist,  Hermann  von  Helmholtz,  has 
said  that  illusions  or  errors  of 
perception  are  the  result  of  the 
misapplication  of  normal  percep¬ 
tual  mechanisms.  The  flight 
environment  differs  in  many 
respects  from  the  terrestrial 
environment  in  which  we  evolved 
and,  even  for  the  most  experi¬ 
enced  pilots,  have  spent  the 
majority  of  our  lives.  As  a 
result,  in  flight  we  are  partic¬ 
ularly  susceptible  to  perceptual 
errors . 

A  technique  for  achieving  an 
appreciation  of  perceptual 
errors  is  to  first  understand 
the  basic  mechanisms  of  percep¬ 
tion.  This,  in  turn,  facilitates 
the  understanding  of  situations 
in  which  we  may  be  misinformed 
or  misled  by  our  perceptual 
system. 

As  a  prime  example,  consider  the 
implications  of  the  development 
of  the  fovea  in  primates.  Except 
for  the  detection  of  very  dim 
stimuli,  all  visual  and  percep¬ 
tual  functions  are  optimized  by 
foveal  fixation.  This  includes 
visual  acuity,  contrast  sensi¬ 
tivity,  color  perception, 
motion,  stereoscopic  depth  and, 
if  allowance  are  made  for  the 
size  of  the  the  area  stimulated, 
spatial  orientation.  As  a 
result,  we  have  developed 
elaborate  visual  motor  mecha¬ 
nisms  for  imaging  objects  of 
interest  on  the  fovea.  This 
includes  both  voluntary  and 
involuntary  eye  movements.  With 
the  head  stationary  and  while 
viewing  moving  objects  such  as  a 
bird  or  plane,  we  move  the  eyes 
smoothly  at  the  same  rate  as  the 
object  of  interest  so  that  the 
image  remains  on  the  fovea  (6) . 
If  we  are  successful,  the 
retinal  image  is  stationary.  How 
then  do  we  correctly  perceive 
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the  motion  of  moving  objects? 

The  answer  is  that  the  effort 
required  to  move  the  eyes 
smoothly  generates  an  efferent 
signal  which  imparts  motion  to 
the  fixated  object.  In  effect, 
the  motion  comes  not  from  the 
movement  of  the  retinal  image 
but  from  the  effort  required  to 
maintain  foveal  fixation  by 
means  of  a  smooth  voluntary  eye 
movement . 

9  GAZE  STABILITY 

When  our  eyes  are  moved  passive¬ 
ly  such  as  when  turning  our 
heads,  walking,  or  when  trans¬ 
ported  in  a  moving  vehicle, 
involuntary  mechanisms  serve  to 
maintain  the  stability  of  the 
retinal  image.  If  this  were  not 
the  case,  every  passive  movement 
of  the  body  would  result  in  a 
blurred  retinal  image  and 
degradation  of  vision  both  as  a 
result  of  blur  as  well  as 
non-foveal  fixation.  The  two 
involuntary  gaze  stability 
mechanisms,  one  visual  and  the 
other  vestibular  (described 
above) ,  ref lexively  move  the 
eyes  so  as  to  compensate  for 
head  movement.  For  example  when 
we  walk  our  heads  bounce  up  and 
down.  As  a  result  of  the  gaze 
stability  reflexes,  the  eyes 
move  in  the  opposite  direction. 
As  a  result,  the  retinal  image 
remains  on  the  same  area  of  the 
retina,  and  the  perception  of 
the  world  remains  stable  and 
clear. 

There  are  times,  however,  when 
these  marvelous  mechanism  can 
result  in  false  sensations. 
Consider  a  pilot  at  night 
viewing  a  small  bright  object 
such  as  a  star,  a  navigation 
light  from  another  aircraft  or 
ship  at  sea,  or  an  isolated 
light  on  the  ground.  If  the  head 
is  accelerated  by  motion  of  the 
plane,  the  vestibulo-ocular 


reflex  is  stimulated  to  compen¬ 
sate  for  head  movement  and 
ref lexively  moves  the  eyes  in 
the  opposite  direction.  If 
allowed  to  manifest  itself,  this 
eye  movement  would  result  in  a 
loss  of  foveal  fixation.  To 
maintain  fixation  on  the  fovea, 
the  voluntary  smooth  eye  move¬ 
ment  system  is  activated  to 
suppress  the  vestibulo-ocular 
reflex.  However,  any  activation 
of  the  smooth  eye  movement 
system  also  produces  an  efferent 
signal  which  imparts,  in  this 
case  illusory,  motion  to  the 
fixated  object.  Thus,  the 
objectively  stationary  fixated 
object  appears  to  move 
(oculogyral  illusion) .  This 
induced  motion  is  indistinguish¬ 
able  from  from  real  motion.  If 
one  is  not  aware  of  this  illuso¬ 
ry  mechanism,  one  can  inadver¬ 
tently  assume  that  a  stationary 
object  is  in  fact  in  motion.  It 
is  often  important  to  determine 
whether  a  fixated  light  is  a 
star,  ground  light,  or  another 
aircraft.  Illusory  motion  of  the 
fixated  object  can  contribute  to 
an  incorrect  decision. 

Literally  dozens  of  illusions 
can  result  from  voluntary 
suppression  of  reflex  compensa¬ 
tory  eye  movements  (5) .  Most  of 
them  occur  in  impoverished 
situations  when  visual  cues  have 
been  reduced  such  as  during 
night  observations.  The  reason 
is  that  when  visual  cues  are 
present,  the  requirement  to 
oppose  reflexive  eye  movement  by 
activation  of  the  voluntary  (and 
efference  copy  coupled)  system 
is  reduced.  However,  at  night 
and  particularly  when  subjected 
to  acceleration  forces,  we  are 
particularly  susceptible  to 
efferent  copy  related  illusory 
motion  (6) . 
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Illusory  motion  of  an  isolated 
light  can  occur  in  the  absence 
of  gaze  stability  or  voluntary 
eye  movement.  A  small  light 
viewed  in  an  otherwise  dark 
environment  appears  to  move 
erratically  after  a  few  seconds. 
This  phenomenon,  know  as 
autokinesis  (self -movement) ,  is 
probably  responsible  for  some 
reports  of  unidentified  flying 
objects. 

The  "take  home"  message  from  the 
relation  between  perceptual 
fidelity  and  cue  reduction  is 
that  reduction  or  elimination  of 
normal  cues,  whether  produced  by 
fog  or  darkness,  is  a  fertile 
condition  for  a  number  of 
illusions  and  misjudgements.  In 
the  flight  environment  these 
possibilities  are  significantly 
exacerbated  not  only  because  of 
the  cue  impoverishment,  but  also 
as  a  result  of  the  intimate 
relationship  between  the  visual 
and  vestibular  subsystems. 

10  SPATIAL  DISORIENTATION  AND 
MOTION  SICKNESS 

Gaze  stability  mechanisms  have  a 
high  priority  in  the  hierarchy 
of  perceptual  mechanisms. 

Without  gaze  stability,  the 
exquisite  properties  of  the 
fovea  would  be  rendered  useless 
whenever  the  head  is  in  motion. 
Similarly,  the  stability  of  the 
visual  world  would  be  seriously 
compromised  and  spatial  orienta¬ 
tion  would  be  degraded  or 
destroyed.  The  reflex  mechanisms 
supporting  gaze  stability  are 
deeply  rooted  in  the  evolution¬ 
ary  history  of  the  species  and 
normally  operate  without  aware¬ 
ness.  As  a  consequence,  inter¬ 
ference  with  gaze  stability 
processes  can  have  undesirable 
consequences.  As  described 
above,  passive  motion  in  an  en¬ 
closed  compartment  results  in 
incompatible  reflex  stimuli  to 


the  eyes.  When  an  an  airplane 
banks  to  the  right,  the 
vestibulo-ocular  reflex  initi¬ 
ates  a  "turn  eyes  left"  signal 
while  the  visual  stimuli  in  the 
cockpit  initiate  a  movement  in 
the  opposite  direction.  This 
state  of  incompatible  gaze 
stability  is  referred  to  as  a 
mismatch  or  a  sensory  mismatch 
(7) .  These  effects  do  not  occur 
when  stimuli  outside  of  the 
compartment  are  visible  as  these 
elicit  eye  movements  which  are 
compatible  with  those  arising 
from  the  vestibular  system. 

There  are  two  consequences  of 
sensory  mismatch,  spatial 
disorientation  and  motion 
sickness.  Many  pilots  have 
reported  a  sense  of  disorienta¬ 
tion  when  flying  under  instru¬ 
ment  conditions  (8) .  Frequently, 
the  disoriented  pilot  can 
request  the  copilot  to  take  over 
until  the  disorientation  passes. 
In  single  pilot  aircraft,  the 
problem  is  potentially  more 
serious.  One  obvious  solution  is 
to  make  an  attempt  to  observe 
the  ground  outside  the  aircraft 
so  that  the  visual  and 
vestibular  reflexes  are  compati¬ 
ble.  An  experienced  test  pilot 
related  an  experience  in  which 
he  became  seriously  disoriented 
at  high  altitude.  He  asked  the 
tower  operator  the  height  of  the 
cloud  cover  and  allowed  the 
plane  to  spin  until  the  ground 
was  again  visible.  At  that  point 
his  disorientation  ceased  and  he 
was  able  to  complete  the  flight 
successfully. 

A  possible  technique  for  pre¬ 
venting  or  reducing  spatial 
disorientation  is  to  introduce 
stimuli  into  the  cockpit  which 
are  compatible  with  the 
vestibulo-ocular  reflex,  i.e., 
move  in  the  opposite  direction 
to  head  motion.  In  a  standard 
cockpit,  the  only  stimulus  which 
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normally  satisfies  this  require¬ 
ment  is  the  attitude  indicator. 
This  of  course  represents  a 
minor  portion  of  the  visual 
field-the  majority  of  stimuli  in 
the  cockpit  induce  reflexive  eye 
movements  incompatible  with  the 
vestibular  reflexes.  Malcolm  has 
invented  a  device  (9) ,  referred 
to  as  the  Malcolm  Horizon  or  the 
Peripheral  Vision  Horizon 
Display  (PVHD)  (10) ,  which 
projects  a  large  artificial 
horizon  on  the  instrument  panel 
by  means  of  a  laser  generated 
strip  of  light.  This  artificial 
horizon  is  always  parallel  to 
the  earth,  moves  opposite  to  the 
pilot's  head  movements,  and 
should  serve  to  reduce  spatial 
disorientation  by  increasing  the 
percentage  of  the  visual  field 
which  is  compatible  with  the 
vestibular  reflexes  and  reducing 
the  mismatch  between  the  visual 
and  vestibular  signals. 

Visual-vestibular  mismatch 
Induced  spatial  disorientation 
and  motion  sickness  can  occur  in 
flight  simulators  as  well.  In  a 
fixed  base  simulator,  the  normal 
vestibular  cues  are  absent  so 
that  the  pilot  is  exposed  to  a 
different  pattern  of  vestibular 
and  visual  stimuli  from  that 
which  obtains  in  the  flight 
environment.  This  phenomenon, 
know  as  "simulator  sickness", 
can  produce  disorientation  and 
motion  sickness  symptoms  not 
only  in  the  simulator  but  also 
for  some  time  afterwards  (11)  . 

As  would  be  expected,  the  more 
flight  experience  the  greater 
the  possibility  of  simulator 
sickness.  Fortunately,  exposure 
to  altered  visual-vestibular 
inputs  leads  with  time  to 
adaptation.  One  learns  a  new 
pattern  of  interaction  so  that 
previously  mismatched  stimuli 
become  the  norm.  The  undesirable 
effects  of  mismatch  are  most 


acute  when  the  individual  is 
first  exposed  to  an  altered 
pattern  of  inputs.  A  dramatic 
example  is  in  space  where  many 
astronauts  exhibit  these  symp¬ 
toms  when  first  exposed  to  an 
altered  gravitational  field. 

With  time,  the  symptoms  subside 
only  to  reappear  when  the 
individual  returns  to  a  normal 
gravitational  field.  We  have 
much  to  learn  about  spatial 
disorientation  and  motion 
sickness,  but  it  is  encouraging 
that  the  mismatch  theory,  while 
not  relevant  to  all  phenomena, 
does  ha/e  wide  applicability. 
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Les  images  mentales 
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Mots  cies:  vision  de  nuit,  rqnresentation  mentale, 
image  mentale,  processus  cognitif. 

Resume ;  Le  concept  d’»image  mentale*  est  paradoxale- 
ment  peu  lid  aux  acdvitds  perceptives  visuelles.  II  reldve 
plutdtdudomainede  larqMdsentadon  mentale,et^ce  dtre, 
s’inscrit  totalement  dans  le  champs  de  la  psychologie 
cognidve  (dtude  des  (Hocessus  de  raisonnements  et  de 
reprdsentadon  pour  conduire  et  agir  sur  le  monde  environ- 
nant).  Ce  domaine  dtant  reladvement  nouveau  pour  la 
majoritd  des  auditeurs  du  cours,  une  {Hdsentadon  didacd- 
que  des  concqits  de  base  est  proposde.  On  construit  pro- 
gressivement  un  moddle  cadre  des  acdvitds  intellectuelles 
en  partant  des  processus  de  rndmoire  pour  remonter  jus- 
qu’aux  processus  de  rqndsentadons  mentales.  On  ddcrit 
par  la  suite  les  difTdrentes  qualitds  opdradves  de  la  reprd- 
sentadon  mentale  (laconisme,  ddformadon,  flnalisadon), 
son  double  codage  verbal  et  imagd,  son  lien  aver,  la 
perception  pour  I’^laboradon  de  I’acdvitd.  Un  dernier 
chapitre  ddcrit  comment  ce  modble  g6n£ral  de  la  repr6sen- 
tadon  mentale,  et  plus  pardculi^ment  de  la  representa¬ 
tion  imagee,  est  impliqud  dans  le  vol  de  nuit  et  peut 
expliquer  les  difficultes  rencontres  dans  cette  acdvite. 

SOMMADtE 
0-  Introducdon 

1-  Vers  un  modeiesimplifie  des  acdvitesde  prise 
et  de  traitement  de  I’informadon 

1-1  De  la  psychologie  (tes  comporte- 
ments  h  la  psychologie  cognidve  et  aux 
images  mentales 

l-2Delamemoirehlarq)tesentadon  ; 
un  modhle  simplifie  des  acdvites  menta¬ 
les 

1-2-1  Une  descripdon  des 
structures 

1 -2-2  Des  structures  aux  repre- 
sentadons  foncdonnelles  et  h 
I’acdon 


Key  wwds:  night  vision,  mental  representadon, 
mental  image,  cognidve  process. 

Abstract :  The  concept  of  «mental  image*  is  paradoxical¬ 
ly  poorly  linked  to  visual  percepdon.  It  is  related  to  the 
domain  of  mental  representation,  and  thus  is  explained 
with  reference  to  the  field  of  cognidve  psychology.  This 
domain  being  reladvely  new  for  most  of  the  listeners  of  this 
shot  course,  basic  concepts  are  didactically  introduced.  A 
framework  model  of  cognidve  acdvites  is  set  up,  introdu¬ 
cing  first  the  various  memories,  then  focusing  on  mental 
representadon  processes.  The  speciflcites  of  mental  leptt- 
sentadon  are  detailed  Oaconism,  distorsion,  parcimony, 
task-oriented).  Special  emphasis  is  given  to  the  mental  te- 
presentadon  theory  of  double  coding  :  verbal  and  image 
coding  and  its  reladonship  with  acdvity.  A  last  secdon 
describes  how  mental  representadon,  especially  mental 
image,  could  serve  or  impair  night-flight  acdvides. 


2-  Spdcificit^  des  images  mentales,  reladon  h  la 
poeqHion. 

3-  Applicadon  h  la  conduite  de  nuit  des  adronefs 

3-1  Rqir^sentadon  mentale  et  vision  de 
nuit :  le  idle  de  I’entrainement 

3-2  Vers  une  reconsideration  du  m6ca- 
nisme  des  illusions  sensorielles  de  nuit 

4- Conclusion 
References 


•■INTRODUCTION 

Les  acdvitfis  de  pilotage  sont  lute  d6pendante$  de  la 
vision.  Maiscette  fooctionii'estqu’unootil  au  service  du 
cerveau,gaiBiitissantlarBmQnlfed’infonnatioasduinonde 
extfrieur  par  un  canal  priviligi6  (mais  non  exclusiO.  pour 
servir  I’^laboration  de  raisonnements,  de  decisions,  et 
d’actkMis. 

Un  module  simpliste,  typiquenient  •bottom~up»  (la 
construction  de  la  representation  provient  de  la  percep¬ 
tion),  pouirait  faire  croire  que  le  cerveau  travaille  sur  une 
copied’un  nionde«vu» par  ksyeux, copie certefiltrante 
ntais  assez  representative  decemonde.  Dans  ce  cadre,  la 
paceptionpr6cMeraitlarepr6sentatianduniondeetrimage 
mentale  pourraitetie  une  «copie  de  travail*  du  monde.  Le 
cerveau  serait  alors  avant  lout  une  mecanique  de  traitement 
des  informations  ainsi  obtenues.  On  retrouve  ce  type  de 
concqH  dans  des  modules  pipe-line  des  activities  de  prise  et 
detraitementde  rinformationdeveloppesparlatlieoriede 
rinformadon  dans  les  annees  SO  (flg  1). 


sentadon  du  monde  sur  lequel  travaille  le  cerveau  n’estpas 
une  copie  conforme  du  reel;  elle  est  acdvement  eiaboree  i 
ptutir  des  connaissances  du  sujet,  pent  smir  autnt  h 
comprendre  la  situadon  presente  qu’lt  andciper  les  evolu¬ 
tions  de  ce  monde.  Son  support  est  souvent  considere 
comme  double,  semandque  et  image,  les  images  mentales 
consdtuant  juslement  la  partie  imagee  de  ce  modble  men¬ 
tal. 

Ce  courses! organise entroissecdons;  lapremibre 
section  decrit  un  modble  g^ral  de  la  prise  et  de  traitement 
de  rinfwmation  eclairti  par  les  connaissances  iticentes  de 
la  psychologie  cognitive,  introduisant  plus  particuli^- 
ment  les  notions  de  memoire  et  de  r^Mtisentadon  meniale; 
la  seconde  parde  explique  plus  precisement  les  notions  de 
representations  mentales,  pailiculierement  les  notions  de 
representations  imagees,  leur  (Ht^etes  et  leur  usage  dans 
la  conduite  de  systbmes.  Enfin,  la  troisibme  partie  deve- 
loppe  les  ai^lications  de  ces  concepts  k  la  conduite  de  nuit 


MECANISMES 

PERCEPTIFS 


PROCESSUS 

CENTRAUX 


— I  Organes 

d'  eflfecdon 


Figure  1  ;  une  vue  clasaque,  stnicturaliste,  du  cerveau  considere  conune  un  systbme  de 
prise  et  de  traitement  de  I'infoimation.  Ce  type  de  schema  eiabore  dans  les  amides  50, 
suggbre  fortement  un  traitement  bottom-up  allant  des  donndes  per^ues  aux  raisonnements 
sur  ces  donnees,  puis  conduisant  finalement  aux  actions.  Cette  vue  est  largement  remise 
en  cause  par  les  etudes  de  psychologie  cognitive  des  vingt  demidres  anndes. 


Mais  les  etudes  idcentes  montrent  que  ce  schema 
est  rdsolument  inexact. 

Les  aiqxirts  des  sciences  cognidves  dans  les  vingt 
demibres  anndes  suggbrent  que  le  processus  intellectuel  de 
conduite  d’un  systbme  repose  sur  un  traitement  essentiel- 
lement  *top-down  « (la  construction  de  la  representation 
provient  de  la  memoire).  Les  informations  traitees  par  le 
cerveau  pour  inleragir  avec  le  monde  proviennent  pour 
deux  tiers  de  la  memoire,  et  pour  seulement  un  tiers  des 
organes  sensoriels  (Varella,  1990).  La  perception  est  dans 
ce  contexte  essentiellement  sous  la  direction  de  la  repre¬ 
sentation  mentale,  ellelasuitetnelaDrecbdepas.  La  reptb- 


des  adronefs. 

1-  VERS  UN  MODELE  SIMPLIFIE  DES  ACTIVI- 
TES  de  PRISE  ET  DE  TRAITEMENT  DE  L’lNFOR- 
MATION 

1-1  De  la  psychologie  des  comportements  h  la  psycho- 
logie  cognitive  et  aux  images  mentales 

La  psychologie  experimentale  a  pour  objet  la 
comprehension  des  comportements  et  des  mdcanismes 
mentaux  de  prise  de  traitement  de  r  information  de  rifomme 
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(sous-entendu  rHomme  Universel  pour  ce  qu’il  poss^ 
d’invariants par  opposition  aux  difF6rencesindividuel)es). 
A  ce  titre,  cette  psychologic  expjrimentale  se  distingue 
radicalement  de  la  psychologic  clinique,  cenir6e  sur  la 
d^criptiondelapersonnalit^affectivo-niotivationnellede 
cet  Homme  et  des  ddstxdres  iventuels  qui  y  sont  associ^. 

La  psychologic  expdrimentale  s’inscrit  dans  le 
prolongement  des  6tudes  sur  la  pens6e  qui  remontent  h  la 
plus  haute  antiquity,  au  temps  oh  rithorique,  logique  et 
linguistique  6taient  des  disciplines  confondues. 

Son  histoire  propte,  bien  que  rteente  est  d£jh  trhs 
mouvementde. 

A  la  fm  du  sihcle  dernier,  la  psychologic  pr6sente  en 
effet  trois  tendances :  une  premihre  tendance  est  directe- 
ment  d6riv6e  de  la  physiologic,  centr6e  sur  la  mesure  des 
performances  humaines,  partkulihrement  sensorielles.  De 
Uinaitrontlesloisde  la  psycho-physiques  des  sensations  de 
Fechner.de  Weber,  puis  toute  la  psychophysique  modeme 
qui  soa  r6;updr6e  et  tq)pliqu6e  aux  cockpits  par  le  biais  de 
1  ’ergonomic  des  interfaces.  Une  seconde  tendance,  radica¬ 
lement  difFiiente,  s’int^iesse  aux  mdcanismes  des 
raisonnements  (i.e.  Wundt)  avec  des  m^thodes  bashes  sur 
I’introspection  qui  vont  Stre  rapidement  trbs  critiqu6es 
(I  ’  introspection  consiste  h  raisonner  sur  des  donndes  issues 
de  la  propre  experience  du  chercheur  qui  s’^coule  et 
s’observe  pendant  ses  propres  activites).  Un  troisibme 
couiant,  interm6diaire  s’interesse  aux  diflerences  inter- 
individuelles,  et  notamment  h  I’intelUgence  en  s’appuyant 
tantdt  sur  des  epreuves  psycho-physiques  (i.e.Galton), 
tantdt  sur  des  ^weuves  plus  tournees  vers  le  raisonnement 
et  les  connaissances  des  sujets  (i.e  Binet). 

Au  debut  du  sibcle,  la  psychologic  comportemen- 
tale  s’impose  en  reaction  aux  methodes  des  psychologues 
pratiquant  r  introspection.  Watson  ( 1 9 1 3)  combat  «la  serie 
de  questions  speculalives  impossibles  h  soumettre  k  un 
traitement  experimental  et  dans  lequel  la  psychologic 
humaine  s’est  laissee  enfermer*.  Les  etudes  sur  les  laison- 
nements  et  sur  la  representation  mentale,  traitees  de 
«psychologisme»  s’arrbtent  bnitalement  On  etudie  alors 
pendtuit  un  demi-sibcle,  particulibrement  aux  Etats-Unis, 
les  reponses  des  individus  k  des  changements  de  la  situa¬ 
tions  (modbles  S-R)  en  se  gardant  de  faire  des  inferences 
sur  la  modeiisation  des  processus  internes  du  cerveau. 
Quelques  psychologues  continuent  cependant  dans  la  voie 
d’une  meilleure  connaissance  des  processus  de  pensee  : 
Piaget,  en  Suisse  et  en  France,  les  Gestaltistes  aux  Etats- 
Unis. 

En  1950 une  premiere  revolution  atleintle  behavio- 
rismek  travers  la  theoriede  I’information,  lametaphoredu 


cerveau-ordinateur  considere  comme  un  systeme  memni- 
Queetlimitede Prise etdetraitementl’informatioiL  L’in- 
formatique  se  rapproche  de  la  psychologie  en  foumissant 
les  premiers  modkles  cybemetiques  de  contriUe.  On  com¬ 
mence  k  s’intetesser  k  un  modkle  de  fonctionnement  du 
cerveau,  encore  tres«pipe-line»  (voir  fig  l)ettres  structu¬ 
re!  (on  individualise  clairement  des  structures  ou  compo- 
santes  :  ciq>teurs  sensoriels,  memoiies,  modes  d’acdons, 
avec  quelques  processus  generaux  regulant  ces  structures, 
i.e.;  I’auention).  On  decrit  les  Ciq»cit6s  et  limites  quanti- 
tatives  de  ce  systkme,  en  utilisant  les  concq)ts  de  charge  de 
travail,  de  ressources  disponibles  et  de  flux  d’informa- 
tions.  Cette  description  connait  de  nombreuses  ap|riica- 
tions.ycomprisde  nos  jours,  dans  lecourant  ergonomique 
«human-factors»  de  conception  des  interfltces. 

Le  v6ritable  rfveil  de  la  psychologie  des  represen¬ 
tations  ^rparait  dans  les  ann^es  60  et  surtout  70  avec  le 
passage  d’une  conception  quantitative  de  I’information 
circulant  dans  le  cerveau  k  une  reference  qualitative,  cen- 
tree  sur  la  manipulation  de  symboles  poiteurs  de  sens. 
L’etude  des  structures  est  remplacee  par  I’etude  des  fonc- 
tionnalites.  Les  etudes  sur  la  representation  se  muldplient 
dans  deux  grandes  directions  :  d’une  part  I’etude  des 
representations  permanentes  du  sens  en  memoire  k  long 
termeeLd’autrepart.retudedestepresentaiionscircons- 
tantiellesdcstineeskguideretregufcr  les  actions  del’ope- 
rateur  humain  dans  un  tkche  particuliete.  Les  etudes  sur  la 
pensee  imagee  se  developpent  rapidement  dans  ce  dernier 
cadre  une  fois  debarassees  du  carcan  impose  par  les  com- 
portementalistes  sur  la  necessite  d’une  relation  directe  de 
la  representation  imagee  k  la  perception.  Lapenseeitnagee 
devient  alors  un  produit  parmi  d’autres  de  I’activite  sym- 
bolique  du  cerveau  (Piaget  &  Inhelder,  1966,  Paivk), 
1 97 1 ).  C’est  typiquement  ce  courant  de  recherches  qui  serf 
I’ergonomie  modeme  dite  «ergonomie  cognitive*  ici 
applique  k  la  conduite  de  processus  type  conduite  d’aero- 
nefs. 

1-2  De  la  memoire  k  la  representatioii  :  on  modkle 
simpline  des  activites  mentales 

La  figure  2  resume  I’ensemble  de  ce  modkle  simplifie. 

1-2-1  Une  description  des  structures 

Les  organes  sensoriels  sont  forfement  limitees  dans 
leur  fonctionnemenL  Ainsi,  la  vision  est  limitee  k  la  fbis  k 
un  petit  spectre  de  radiations  eiectro-magnetique  visibles 
(de  longueur  d’onde  comprise  en  380  et 670  nano-metres) 
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Figure  2 :  des  potentialites  du  s)'sttaie  cognitif  i  rexAnition  rdelle  du  travail. 

A  la  lecture  de  I'ordre  de  mission,  le  pilote  pre-active  dans  sa  tnemoire  &  long-terme  les 
connaissances  (schemas  proceduraux)  qui  servirmit  ft  la  construction  du  plan  de  vol.  La  mise  en 
oeuvre  de  oe  plim  est  fortement  contrainte  par  les  limitations  instantannees  du  systftme  cc^tif.  Un 
savoir-faire  est  developpe  pour  geter  oette  limiution.  La  perception  n'est  plus  reiemcm  initiateur  du 
modftle  du  modftle  cognitif,  mats  au  contraire  1'  element  terminal  permettant  le  suivi  de 
I'accomplissement  de  la  represaitation  mentale  ain«  eiaboree  par  le  systftme  cognitif. 


et  par  la  quantile  de  photons  impaciant  les  cellules  senso- 
rielles  (limitation  paitkiilierement  sensible  de  nuit). 

La  metnoire  ft  court  terme  est  I’autre  structure 
particulierement  limitee.  Cette  tnemoire contient  les  infor¬ 
mations  ft  analyser,  jugees  utiles  ft  chaque  instant  par  les 
centres  superieurs  du  cerveau,  et  sur  lesquelks  porteront 
les  raisonnetnents.  Cette  memoire  apparall  restreinte  ft 
7+J2.  items  interpretes.  On  entend  par  «inieipfetes»  des 
items  faisant  sens  pour  I’operateur  par  opposition  ft  des 
potentiels  d’action  ou  des  groupes  de  potentiels  d’actkm 
qui  ndeessitent  encore  des  traitements  ou  des  co-occuren¬ 
ces  pour  devenir  des  informations  symboliques.  On  con- 
9oit  que  les  milliards  d’informations  pr6sentes  dans  I’uni- 
vers  ft  chaque  instant  sont  rdduits  ft  quelques  milliers  de 
ddeharges  de  potentiels  d’action  dietnentaires  par  nos 
cap{eurssensoriels,qui  eux  rndmes  necessitentd’etretrids 
et  reconstitues  sous  forme  de  7  +-2  informations  signifian- 
tes  par  nos  aires  sensorieiles  et  iniegratives  ft  tout  instant 
En  bref,  cette  metnoire  ft  court  terme  est  limitde  en  taille  et 
en  durde  (quelques  secondes).  Le  rdductionnisme  imposd 


par  les  limites  du  cerveau  est  ici  extraordinairement  illus- 
trd. 

La  mdmoire  ft  long  terme  contient  I’ensemble  des 
connaissances  et  n’est  pas  limitde  ni  en  taille,  ni  en  durde. 
Le  probldme  est  ici  de  Stocker  des  milliards  de  connaissan¬ 
ces  de  fagon  ft  les  recouvrir  quand  le  cmveau  en  a  besoin. 
On  distingue  classiquementdeux  types  de  connaissances ; 
les  connaissances  ddclaratives  — ou  thdoriques —  qui 
ddcrivent  le  monde  et  les  lois  de  comportement  de  ce 
monde.et  les  connaissances  procddurales — ouprtaiques — 
qui  permettent  d’agir  sur  ce  monde.  Richard  (1983)  parle 
de  «logique  de  fonctionnemenu  d’un  systdme  (logique  de 
I’ingdnieur)  par  raf^XHt  ft  la  «logique  de  I’utilisateur* 
(mode  d’emploi)  pour  distinguer  les  mdmes  concepts.  Les 
connaissances  procddurales  peuvent  dire  de  deux  ordres : 
rdgles  (si...alors)  ou  schdmas.  Les  rdgles  sont  surtout 
utilisdes  en  rdsolution  de  probldtne  quand  le  raisonnement 
doit  proedder  selon  la  ddmarche  logique  classique.  Dans  la 
plupart  des  autres  cas  de  la  vie  quotidienne  et  profession- 
nelle,  la  recherche  de  solutions  plus  simples  et  tnoins 
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coluommatrices  de  charge  de  travail  pousse  I’opdrateur 
humain  h  udliser  des  procedures  pr6-construites  appel6es 
schemas.  Ces  procedures  mentales  decriventde  vedtables 
plans  d’action  (et  de  compr^ension)  pour  des  situations 
connues,  des  schnes  leladvement  repetiti  ves  de  la  vie  civile 
et  professionnelle  (Rumelhart,  197S).  Ces  plans  sont  for¬ 
mes  avec  rhabitude  (avec  I’entrainement)  et  permettent 
une  execution  tThs  automatisee.  De  fait,  le  plan  OMiespond 
en  general  h  une  hierarchie  de  schemas  plus  ou  moins 
^tecifies  dans  leur  mise  en  oeuvre,  allant  des  representa- 
tionshdominanceconceptuelles(i.e.:  missiond’attaquede 
nuit)  h  des  representations  extremement  ivocedurales  (i.e. 
technique  de  masquage  par  le  relief ). 

La  figure  3  presente  un  exemple  de  plan  schemati- 
que. 


activite  humaine,  le  pilote  pre-active  une  partie  de  sa 
memoire  procedurale  et  la  charge  en  memoire  de  travail; 
cette  memoire  est  une  «stnicture  virtuelle)»  h  acchs  rapide 
sur  laquelle  il  travaillera  pendant  qu’il  effectue  son  voL 
Cette  instance  n’est  pas  limitee  en  taille  mais  ne  dure  que 
le  temps  de  la  t&:he . 

Le  plan  schematique  charge  dans  cette  memoire  de 
travail  est  particularise  aux  valeurs  du  cas  particulier  de  la 
mission  h  lealiser  et  se  presente  alms  comme  un  hierarchie 
de  schemas  decrivant  la  mission  h  differents  niveaux 
d’abstractions  et  de  mise  en  oeuvre  (Rasmussen,  1976). 

(^uand  I’execution  commence,  le  premier  schema 
de  mise  en  oeuvre  est  active.  II  doit  encore  Stre  interprete 
pouretreexecuteconcretement(leplann’estjamaisqu’une 
description  qu’il  faut  interprets  par  des  rbgles  d’^tion, 


Figure  3  :  un  plan  shematique  se  pr6aence  sous  la  forme  d'une  hierarchie  de  represcnutions  examinables  i  differmts 
niveaux  d'absuaction.  La  pane  superieure  du  plan  est  racine  memorisee  sous  forme  de  schema  procedural.  Le  pilote 
fixe  par  suite  les  niveaux  inferieurs  du  plan  (choix  de  I'avion,  cboix  des  equiperoents,  preferences)  lors  de  la  prepartian 
du  vol,  et  peut  par  la  suite  se  servir  du  planiun  niveau  variable  de  mise  en  oeuvre,  lui  permettant  ainsi  en  pennanence 
d'ajuster  la  richesse  de  la  representation  i  I'objectif  rdel  du  raisonnement  pour  economiser  le  maximum  de  ressources. 


1<2>2  Des  structarcs  aux  rcpresenUtions  fonctioii* 
Belles  et  h  ractkm 

Lors  de  la  preparation  du  vol,  comme  dans  unite 


Hoc,  1987).  Ce  schema  utilise  hl’instant  test  h  la  base  de 
la  representation  mentale  circonstantielle  de  I’opetateur. 
Norman  (1983)  et  Johnson-Laird  (1983)  parlent  dc  modek 
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menial  pour  designer  ceaeie{x<6sentation.Ochanine(188l) 
parle  de  repidsentation  q;)6rative  et  Leplat  ( 198S)  parle  de 
rqvdsentalions  fonctioniielles.  mais  tout  ces  lermes  sont 
finalement  synonymes.  Cette  rq)rdsentation  mentale  ou 
modMe  mental  guide  et  idgule  les  activitds  de  prise  et  de 
traitanent  de  rinformation  de  Topdrateur,  contrdlant  la 
mdmoiie  it  court  terme,  et  par  son  intermddiaire,  les  infor¬ 
mations  rdcupdr6es  dans  le  monde  extdrieur.  Cette  repri- 
sentation  possfcdedesspdcifkitdsimpatantes: 

-elle  est  Hnalisde,  orientde  vers  le  but  de  la  t&;he 

-elle  est  ddformde  et  laconique,  se  cenirant  sur  les 
aspects  mal  maitrisdes  ou  importants  de  la  t&che  i  faire, 
simpliflant  parfois  oulrageusement  les  aspects  considdids 
comme  facUes. 

-elle  est  rdsistante  aux  changements,  Topdrateur 
prdfdrant  garder  des  procddures  peu  directes  mais  qu’il 
connait  bien,  plutdt  que  de  changer  pour  des  procddures  h 
prirai  plus  efficaces  mais  qu’il  faut  aiq)rendre  i  maitriser. 

L’activitd  perceptive  consiste  finalement,  non  pas  h 
constniire  cette  rqprdsentation,  mais  au  contraire  it  fitie 
guidde  par  cette  repdsentation  ddjh  construite,  pour  la 
confirmer  et  attester  de  sa  progression  lors  du  ddroulement 
de  la  procddure.  Ceci  explique  la  trds  grande  difficultd  it 
percevoir  les  tnfmnations  qui  ne  sont  pas  attendues  dans 
la  procddure.  surtout  si  cette  demidre  n'est  pas  remise  en 
cause  par  les  informations  recupdrdes  pour  son  suivi  pro- 
pre. 

La  demidre  notion  importante  it  considdrer  dans  la  prdsen- 
tation  de  ce  moddle  simplifid  est  la  notion  de  limitations  de 
ressouices  (Nmman  &  Bobrow,  197S).  Cette  limitation 
contraste  avec  la  grande  potentialitd  formelle  du  systdme : 
nombre  incalculable  de  connaissances  stockdes  notam- 
menL  En  bref,  le  systdme  est  richement  dotd  mais  lent  et 
surtout  forcd  d  travailler  sur  un  tout  petit  secteur  de  cette 
richesse  potendelle  comme  en  tdmoignent  les  limitations 
de  mdmoire  d  court  terme  ou  de  capacilds  de  calcul.  La 
logique  d’un  tel  moddle  conduiiait  dpenser  que  le  pilotage 
est  quasi-impossible,  ce  qui  n’est  dvidemment  pas  le  cas. 
Les  solutions  pour  que  le  systdme  fonctionne  sont  de  deux 
(vdres :  (i)  d’une  part  un  traiiement  diffdrencid  des  infor¬ 
mations  :  lorsque  la  procddure  est  bien  connue,  elle  peut 
due  exdcutde  quasi-automatiquement,  sans  passer  par  la 
mdmoire  d  court  terme,  et  sans  ddpenser  de  ressouices. 
Seuls  les  contrdles  conscients  sont  placds  en  mdmoire  d 
court  terme  (Shifbin  A  Schneidar,  1 977).  (ii)  L’utilisation 
destratdgiesexpertBS.Toutes  les  acdvitdsdupilote.  comme 
de  tout  humain  dans  des  situadons  analogues,  sont  tour- 
ndes  vers  I’dconomie  de  ressouices  afm  de  disposer  d'une 
ctgMcitd  de  rdserve  constante  permettant  de  s  ’adapter  aux 


micro-variations  de  la  tdche  (Rasmussen,  1986,  Anderson, 
1985.  Bainbridge,  1989).  Le  pilote  expert  simplifie  ses 
contrdles  (Valot  et  Amalberd,  1989),  et  surtout  anticipe  en 
permanence  pour  ne  pas  dtre  ddbrxdd  par  des  situadons 
inattendues.  i»dfbrant  parfois  orienter  le  vol  vers  une 
situadon  incidentelle  pour  laquelle  il  possdde  une  rdptmse 
toute  prSte,  plutdt  que  d’affronter  une  situadon  incoimue 
(Amalberd  A  Deblon,  1992). 

Le  moddle  global  d’acdvitd  idsultantdeces  contraintes  est 
typiquement  un  moddle  de  compromis  risque  /  efficacitd. 
Le  risque  consend,  sur  la  base  des  mdta-connaissances 
(connaissances  du  pilote  sur  ses  (nopres  capacilds),  est 
idgld  au  mieux  pour  une  performance  acceptable,  permet¬ 
tant  I’atteinte  du  but 

2-  spi^cincrr^  des  images  mentales, 

RELATION  A  LA  PERCEPTION. 

Nous  avons  vu  dans  I’introducdon  que  le  concept 
d’image  mentale  etait  peu  lid  aux  acdvitds  percepdves.  11 
existe  cependant  quelques  types  d’images  typiquement 
percepdves  qu’il  faut  bien  diffdrencier  de  la  nodon  d’image 
mentale.  On  citera  (i)  les  images  consdcudves(persistance 
momentanded’un  dtat  senstwiel  induitpar  un  stimulus  bref 
et  intense,  aprds  la  disparition  de  celui-ci),  (ii)  les  halluci- 
nadons  (peicepdon  sans  objet),  et  (iii)  les  phdnomdnes  de 
mdmoire  transitoiie  visuelle  (image  consdcudve  de  md¬ 
moire  aprds  prdsentation  tachitoscopique).  Ces  manisfes- 
tadons  percepdves  ou  mndmoniques  sont  traitdes  tids 
pdriphdriquement  dans  le  systdme  nerveux  central;  elles 
peuvent  ponctuellemntentrainer  des  difTicultds  pour  I’opd- 
rateur  en  saturant  les  iecq)teurs  ou  les  premiers  dtages  de 
traitement  de  I’informadon  visuelle  empdchant  ainsi  la 
rdcupdradond’autresinformadonsplusperdnentes.  C’est 
typiquement  le  cas  de  nuit  avec  des  variadons  bnitales 
d’intensitd  lumineuse  dans  le  monde  extdrieur  qui  favori- 
sentlesphdnomdnesd’dblouissementetd’tqjpaiidond’ima- 
ges  consdcudves. 

Pour  lout  les  autiescas,  leconceptd’image  mentale 
est  effecdvement  disdnct  de  celui  de  la  percqjdon  et 
directementliddla  notion  dereprdsentadon  mentale.  Trois 
thdses  s’qjposent  cqtendant  pour  expliquer  le  vrai  idle  de 
ces  images  (ces  trois  thdses  sont  reiaise  du  livie  de  Denis, 
1979): 

La  premidre  thdse  est  formulde  par  Piaget  (Piaget  et 
Inhelder,  1 966)  et  par  les  construed  vistes  (Neisser  ( 1 967). 
Nos  connaissances  sont  coddes  dans  le  cerveau  sous  fcHme 
symbolique  peu  accessible  d  la  conscience  et  doivent  done 
dtre  transcriies  sous  une  forme  lisible  pour  dtre  udlisdes  par 
les  processus  mentaux  supdrieurs.  L’acdvitd  d’imagoie 
permettrait  alm^  de  construire  une  reprdsentation  type  de 
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cesconnaissances  SOUS  forme  imagfe,  rei»6seniation  qui 
s(»ait  alors  conscienie.  iiiq)ectabk  et  modifiable  par  le  jeu 
d’opdratioos  intellectueUes.  On  retiouve  dans  cette  pers¬ 
pective  les  caracldristiques  des  modbles  mentaux  de  John- 
son-Laird,  basds  sur  I’activation  d’un  exemple  local  cons- 
truit  simplement  pour  se  reiwdsenter  concibtement  les 
donndes  formelles  d’un  problbme  ou  d’une  prq)csition 
verbale;  la  representation  dans  ce  cadre  sen  directement  la 
comprehension  du  problbme.  Get  aspect  constructif  de 
rimagerie  mentale  a  ete  integre  par  Hebb  (1968)  dans  un 
modble  neurophysiologique  qui  confbre  h  la  motricite 
oculaiie  un  rOle  fondamental  dans  la  constitution  des 
ensembles  cellulaiies  intdresses  par  I’acti  vite  perceptive  et 
I’activite  d’imagerie.  Une  fois  construite,  I’image  peut 
aussi  etre  intoactive  avec  les  processus  perceptifs  et  s’en- 
richir  avec  cette  experience  perceptive. 

La  deuxibme  these  est  proposee  par  Paivio  (1971) 
qui  presente  une  theorie  dite  du  «double  codage»  soutenant 
I’existence  de  deux  modes  de  representations  symbolique, 
I’un  de  nature  imagee,  I’autre  de  nature  verbale,  con^us 
comme  de  systbmes  cognitifs  interconnectes  mais  fonc- 
tionnellement  disdncts  pouvant  intervenir  dans  I’activite 
mndmonique  et  I’apprentissage,  mais  aussi  dans  les  acti vi- 
tes  perceptives  et  intellectuelles.  E)ans  ce  cas,  Timage 
serait  un  codage  priviligie  des  objets  concrbts  alors  que  les 
concepts  abstraits  sentient  preferentiellement  codes  par  le 
support  verbal.  Paivio  (kcritrimaged’objetsoudescbnes 
concretes  avec  des  attributs  operatifs  de  deformation  et  de 
laconisme.  II  ne  s’agit  plus  de  I’inscription  en  memoire 
d’une  copie  du  reel,  ni  de  la  simple  interpretation  d’une 
serie  d’  infcnmations  symboliques  inaccessibles  h  la  cons¬ 
cience  comme  dans  le  cas  de  Piaget,  mais  d’une  veritable 
codage  directdumondemedieparrexperience  d’un  passe 
vecuetagi. 

Une  troisibrne  thbse  proposee  par  Pylyshyn  (1973) 
est  plus  critique  sur  la  notion  mbme  d’image.  Pour  cet 
auteur,  I  ’  image  n  ’est  pas  un  objet  sur  lequel  opereraien  t  les 
processus  perceptifs  et  intellectuels,  elle  est  en  est  simple¬ 
ment  le  resultat,  une  construction  temporaire  peu  explica¬ 
tive  mais  plutfit  descriptive.  Cette  thbse  a  cependant  peu 
d’arguments  decisifs  h  faire  valoir. 

Les  experiences  de  Kosslyn  ( 1 97S)  sur  les  explora¬ 
tions  des  images  visuelles  (partkulibrement  la  situation  de 
rile  au  tr6sor)  montrent  que  les  deux  premibres  thbses 
pourraient  btre  toutes  les  deux  vraies,  pointant  ainsi  les 
deux  families  d’utilisation  de  I’image  mentale  :  aide  b  la 
comprehension  par  exemplification  de  concept  sous  forme 
imagee  (thbse  constnictiviste)  et  aide  b  Taction  par  activa¬ 
tion  de  scbnes  visuelles  basdes  sur  Texperience  vbcu  mais 
deformees  openttivement  pour  permettre  une  action  cen- 


trbe  sur  les  points  difficiles  de  la  tfiche  b  conduire  (image 
comme  partie  active  des  modbles  mentaux). 

Le  modble  d’images  mental  applique  b  Taeronauti- 
que  qui  resulte  de  ces  apfnoches  est  le  suivant  : 

Lots  de  la  ]Hi^;)aration  du  vbl,  le  pilote  sblectionne 
en  memoire  en  long  tenne  une  hierarchie  de  schemas  qu’il 
particularise  aux  conditions  du  vol  qu’il  va  avoir  b  effec- 
tuer  (pr^>aration  du  vol  ou  pr^Miration  de  briefing). 

Ces  schemas  fcament  un  plan  «visualisable»  «dans 
la  tete»  b  des  niveaux  differents  de  raffinement  (analyse  et 
comprehension)  et  de  mise  en  oeuvre.  La  partie  mise  en 
oeuvre  est  plus  facilement  visualisable  que  la  partie  theo- 
rique  sur  les  objectifs  du  plan. 

L’image  mentale  libe  b  Tactivation  deces  schemas, 
deformbe,  laconique,  capable  d’btre  zoombe  plus  ou  moins 
sur  les  details  de  mise  en  oeuvre  du  schbma,  possbde  un 
double  objectif : 

>servir  de  guide  au  preibvements  d’infor- 
mations  qui  viendront  ajuster  la  conduite  aux  circonstan- 
ces  rbelles  et  confirmer  la  progression  dans  Texbcution 
attendue, 

>servir  de  support  b  des  op6ations  mentales 
de  simulation  permettant  de  projetter  le  systbme  dans  un 
avenir  plus  ou  moins  distant  b  des  fins  d’antkipation. 

Cette  image  mentale,  pour  reprendre  Thypothbse 
de  Piavio,  smit  accompagnbe  d’une  representation  b 
support  verbal  permettant  le  raisonnement  symbolique, 
avec  calcul  de  risques  et  choix  ou  optimisation  des  strate¬ 
gies. 

L’ensemble  du  systbme  serait  contraint  tant  oi 
entrbe  (mbmoire  b  court  terme),  en  puissance  de  fonction- 
nement,  qu’en  sorties. 

L’objectif  serait  alors  de  maintenir  le  systbme  au 
niveau  de  fonctionnement  le  plus  bconomique  par  une 
sbrie  de  strategies  sophistiqubes  de  prise  de  risques  (pour 
simplifier  le  travail))  et  une  utilisation  la  plus  repetitive 
possible  de  Texperience  passbe. 

En  cas  de  derive  observbe,  ou  de  rbsultat  attendu 
incoherent,  le  systbme  pourrait  basculer  en  mode  analyti- 
que,  avec  un  dominance  de  la  rqxbsentation  verbale; 
Timage  mentale  dans  ce  cas,  sbparbe  du  contexie  immbdiat 
du  vol,  servirait  b  exemplifier  des  concepts  peu  formalisa- 
bles  pour  mieux  les  comprendre  (hypothbse  constructi- 
viste)  et  viendrait  en  concurrence  de  Timage  mentale 
support  de  Tactivitb  qui  sen  b  la  rbcupbration  d’indices 
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percqMifs.  Tout  laisse  penser  que  les  limitations  cognitives 
ne  peimettent  pas  Tudlisation  simultan6e  des  deux  types 
d’iinages.  forcantit  nouveau  lepilote  it  gdrer  un  compromis 
entre  comprehension  etconduite  it  court  terme. 

3-  APPLICATION  A  LA  CONDUITE  DE  NUTT  DES 
AiXONEFS 

3-1  Representatioii  mentale  et  visum  de  nuit :  le  role  de 
I’entrainement 

Nous  avonsvu  dans  lesparagrsphes  precedents  que 
I’image  mentale  fait  partie  inidgrante  de  la  representation 
mentale  et  sert  de  guide  et  de  regulateur  aux  activiies 
perceptives.  Les  ordres  envoyes  aux  organes  sensoriels 
pour  recuperer  del’infcMmation  sontliesitlasaillancedes 
informations  (leur  importance  pour  le  contrdle  de  la  tik;he) 
(Reason,  1991).  Cette  saillanceestconstruitesur  la  basede 
I  ’experience,  et  dans  la  majorite  des  cas  avec  des  capteurs 
sensoriels  efficaces  (vol  de  jour).  On  compiend  alors  le 
mecanisme  de  base  des  problbmes  de  vol  de  nuit ;  les 
informations  recherchees  sur  la  base  du  vol  de  jour  sont 
difficilement  retrouvees  dans  les  conditions  de  nuit  Le 
resultat  est  double ;  dqtense  suppiementaire  de  ressources 
pour  les  activiies  perceptives  (augmentation  de  la  charge 
de  travail)  et  diminution  du  caarctere  automatise  de  la 
procedure  au  profit  d’un  contrdle  plus  important  de  la 
qualitedes  informations  ivovenant  des  capteurs  Oh  encore, 
augmentation  de  la  charge  de  travail  au  niveau  du  traite- 
ment  de  I’information).  C’est  typiquement  ce  qui  arrive  en 
approche  de  nuit  ou  les  pilotes  ont  tendance  h  sur-evaluer 
leur  altitude  pas  bonne  visibilite,  mais  en  conditions  de 
piste  et  zone  aeroport  peu  eclairees  (Kraft,  1978).  La  pro¬ 
cedure  mentale  repose  en  effet  dans  ce  cas  sur  le  guidage 
h  vue.  Le  capteur  visuel  est  legerement  deficient  mais 
rambne  une  reponse  satisfaisante  h  I’image  mentale  gui- 
dant  le  processus.  Du  fait  de  la  charge  de  travail  impor- 
tante,  aucun  autre  contrdle  n’est  effectue  et  le  pilote  finit 
par  se  poser  avant  la  piste.  On  voit  dans  ce  cas  I’effet  de 
trois  facteurs : 

-(i)  au  niveau  de  I’integration  perceptive,  I’impre- 
cision  de  codage  lie  aux  conditons  particuUeres  de  nuit, 

-(ii)  au  niveau  de  la  representation  mentale  (image 
mentale),  la  resistance  et  la  stereotypic  de  la  reixesentation 
tant  qu’elle  est  alimentee  de  fa^on  non  contradictoire  par 
les  activites  perceptives;  le  concept  de  confiance  est  parti- 
culibrement  important  dans  ce  mecanisme  d’eiargisse- 
ment  ou  de  restriction  dynamiques  des  informations  per¬ 
ceptives  reclamees  par  la  representation  mentale  pour 
s’ assurer  du  suivi  du  deroulementdu  vol. 

(iii)  enfin,  au  niveau  global  du  systbme,  I’augmen- 


tationdelachargede  travail  perceptive  ajoutedelarigidite 
hla  procedure  encours,enautorisantdemoinsenmoinsde 
contrdles  et  de  tests  d’auties  rqxesentations.  Le  risque 
augmente  alors  en  parallble  h  la  restriction  progressive  du 
champs  cognitif. 

Dans  d’autres  cas,  les  references  de  jour  contenues 
dans  la  representation  sont  non  retrouvees  de  nuit  La 
situation  est  ouvertement  conflictuelle  et  une  nouvelle 
reivesentation  doit  dtre  construite  pour  s’adaftter  aux  cir- 
constances  (on  retrouve  Ih  le  classique  mecanisme  Piagie- 
tien  d’assimilation-accomodation  repris  par  Vermersh  dans 
le  cadre  du  travail  de  I’adulte,  1978).  Cette  adsqttation  en 
vol  est  si  codteuse  en  ressources  que  le  pilote  prefbre 
souventrenoncerhrevoirsarq>resentationettravailleavec 
des  accomodations  imparfaites  de  la  representation  ac- 
tuelle.  Cette  situation  est  evidemment  souvent  h  I’origine 
d’accidents  particulibrementen  vols  basse-altitude. 

En  I»ef,  le  fonctionnement  par  image  mentale  est 
extrbmement  puissant  et  economique  pour  guider  les  per¬ 
ceptions  mais  necessite  une  reference  efficacedejh  memo- 
risee.  C’est  Ih  I’interet  considerable  de  I’entrainement 
intensif  de  nuit  qui  renforce  et  particularise  les  reinesenta- 

tions  mcntalcs  dc  cesjctiyitfe  .de  jiuit 

Les  systbmes  de  visualisations  utilisant  differentes 
techniques  de  suppieances  h  la  vision  nocturne  attenuent 
ces  effets,  mais  ne  les  sun>riment  pas;  le  plus  souvent  ils 
ne  font  que  les  deplacer  vers  d’autres  probiemes: 

(i)  lorsque  la  visualisation  de  suppieance  est 
presentee  h  I’interieurdu  cockpit,  la  vision  exigeede  lapart 
du  pilote  devient  une  vision  de  jour  d’une  image  rqtfesen- 
tant  le  monde  exterieur,  les  difficultes  de  pilotage  sont 
deplacees  mais  I’ecart  h  la  representation  imagee  peut-dtre 
tout  aussi  grand  qu’avec  une  vue  directe  sur  le  monde 
exterieur  de  nuit  (champs  visuel  reduit,  perte  de  details, 
etc). 

(ii)  lorsque  la  visualisation  artificielle  est 
superposee  h  la  vue  du  monde  exterieur,  le  inoblbme 
devient  celui  de  la  confiance  dans  les  systbmes,  et  de  la 
tolerance  h  des  ecarts  entre  monde  per^u  et  monde  super¬ 
pose. 

Une  plus  ample  discussion  de  ces  deux  remarques 
est  i^esentee  dans  le  cours  suivant  «a{q)roche  multi-sen- 
seurs  pour  le  vol  de  nuit». 
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3*2  Vers  one  reconskttration  du  mtomisme  des  illu¬ 
sions  scnsorielles  de  nuit 

Ces  m^canismes  de  psychologie  cognitive  suggfe- 
rent  un  enrichissement  de  la  thforie  de  certaines  illusions 
sensorielles  de  nuit  Les  illusions  de  position  et  d’orienta- 
tion  de  nuit  procdderaioit  d’un  mdcanisme  de  base  com- 
mun :  (i)  integration  incorrecte  de  rinformation  par  prise 
d’infwmation  deficiente  dues  ^  I’application  de  inferences 
perceptives  fixmees  le  jour  et  appliquees  la  nuit  en  situa¬ 
tion  degradee  pour  les  capteurs,  (ii)  puis  non  detection  par 
la  representation  mentale  du  fait  d’un  ecait  maintenue 
faible  ou  plausible  de  ces  perceptions  incorrectes  aux 
images  attendues.  Le  mecanisme  serait  d’autant  plus  re- 
doutable  que  les  processus  perceptifs  d’orientation  et  de 
positionnement  sont  particulierement  automatises  chez 
rhomme  et  sont  done  peu  contr6ies  par  I’activite  cons- 
ciente. 

On  note  egalement  que  I’illusion  necessite  ur  ecart 
plausible  avec  la  representation.  Au  del^,  la  representation 
est  reconsideiee  par  les  processus  cognitifs  et  le  probieme 
est  different  de  celui  d’un  simple  conflit  perceptif. 

4.CONCLUSION 

Les  images  mentales,  et  plus  generalement  les 
representations  mentales,  sont  It  la  base  de  la  conduite  des 
aeronefs.  Elies  representent  des  outils  cognitifs  economi- 
ques,  rubles  puisque  basees  sur  I’experience  passee,  mais 
vulnerables  si  cette  experience  est  decaiee  par  rapport  It  ce 
qui  est  vdeu  (vol  de  nuit  sur  une  reference  vol  de  jour).  Seul 
I’entrainement  en  vol  reel  et  en  simulateur  est  succeptible 
de  former  des  images  specifiques,  efficaces.  Les  suppiean- 
ces  ^  la  vision  nocturne  changent  egolement  la  tSche  et 
doi  vent,  elles  aussi ,  conduire  It  un  entrainement  particulie- 
rement  important  dans  leur  maniement. 
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Rfeuni^ ;  Les  vois  de  nuit  se  muldplient  pour  d’dvidentes 
raisons  opdrationnelles  de  disponibilitd  continue  des  for¬ 
ces  adriennes.  Les  performances  doivent  si  possible  tester 
identiques  au  vol  de  jour.  Pour  pallier  ^  la  ddflcience 
visuelle  de  la  vision  du  monde  exterieur,  la  solution  gdnd- 
lalement  adoptde  consiste  it  doter  les  cockpits  ou  les 
systdmes  de  casque  du  pilote  de  visualisations  artificielles 
restituant  une  partie  du  spectre  non  vu  (Jumelles  intensiH- 
catrice  de  lumibre,  FLIR,  fichiers  d’images  de  synthdse, 
etc).  Les  techniques  de  presentation  d’informauon  utili- 
sdes  sont  classiquement  qualiHdes  de  muld-senseurs  dans 
la  mesure  ou  elles  prdsentent  une  image  rdsultante  prove- 
nant  de  plusieurs  sources  (ou  points  de  vue)  sur  le  mdme 
monde  (FLIR  superposd  ^  une  Image  de  Synthbse  ptdsen- 
tde  elle-mdme  dans  le  HUD  par  exemple).  Par  extension, 
si  I’onajoute  la  vue  de  I’opdrateur,  on  arrive  k  un  concept 
de  techniques  multi-senseurs  incluant  I’opdiateur  lui- 
mdme  avec  ses  differentes  modalitds  sensorielles.  L’opd- 
rateur  humain  occupe  une  place  trbs  particulidre  dans  ce 
mdcanisme:  il  procure  k  la  fois  une  point  de  vue  sur  le 
monde,  compldmentare  aux  machines,  par  ses  yeux  et  ses 
autres  organes  sensoriels,  mais  il  est  aussi  le  dernier 
maillon  de  la  chalne  h  qui  est  destine  I’ensemble  de 
I’intdgration  des  diffdrents  points  de  vue.  Ce  cours  s’atla- 
che  h  ddcrire  les  effets  sur  la  prise  et  le  traitement  de 
r  information  de  cette  position  particulibre.  On  replace 
I’ensemble  de  cette  activitd  dans  le  modble  gbnbral  des 
activitbs  cognitives  prdsentd  dans  le  cours  sur  les  images 
mentales.  On  discute  les  effets  de  distta^ions  entre  poinls- 
de-vue  donnbs  par  les  senseurs  techniques  et  par  les  sen- 
seurs  biologiques,  puis  on  prdsenie  les  effets  de  ce  type  de 
visualisation  sur  la  reprbsentation  mentale,  les  problbmes 
de  conflance  et  I’augmentation  de  la  charge  de  travail  qui 
en  ibsulte. 


Abstract :  Night-flight  activities  have  significantly  grown 
to  allow  Forces  being  permanently  operational.  The  level 
of  performance  for  these  activities  is  expected  to  be  the 
same  as  it  is  in  day  time.  Thus,  visual  support  systems  have 
been  designed  to  mitigate  the  consequences  of  night- vision 
limitations,  e.g.  Electro-optical  systems  (radar),  NVG, 
FLIR,  Real-time  terrain  image.  Some  of  these  support- 
systems  are  mixed,  using  several  sources  although  they 
provide  the  pilot  with  only  one  resulting  integrated  image. 
Moreover,  when  the  pilot  continues  to  have  a  direct  vision 
of  the  external  world  (vision  through  the  optical  system), 
the  human  vision  has  to  be  consid«ed  as  an  another  point 
of  view  to  be  integrated  with  this  of  the  visual  suppmt 
system.  This  is  typically  what  is  termed  the  reintegrated 
multi-sensor  and  sensory  approach*.  Men  have  a  special 
position  in  such  conditions:  flrst,  from  apercq)tivepointof 
view,  although  they  are  impaired  by  night-conditions,  their 
eyes  complement  the  machine  vision.  Second,  fiom  a 
reasoning  and  decision  making  point  of  view,  they  must 
adapt  their  mental  processes  to  this  complex  visual  input 
made  of  a  mixture  of  natural  and  artificial  vision.  This 
course  aims  at  describing  the  resulting  effects  of  this 
position  for  perception  and  reasoning  activities.The  frame¬ 
work  model  of  cognitive  activities  described  in  the  pre¬ 
vious  course  on  mental  images  serves  as  a  departure  point 
Then  are  discussed  (i)  how  humans  solve  the  possible 
distorsions  between  sensors  and  human  vision,  (ii)  how 
these  perceptive  input  are  integrated  into  mental  represen¬ 
tations,  (iii)  the  central  question  of  confidence  into  visual 
support-systems  and  (iv)  the  related  consequences  for 
workload. 
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©-INTRODUCTION 

Les  vols  de  nuit  se  multiplient  dans  les  Forces  pour 
entrainer  les  equipages  ^  Stre  operationnels  24  heures  sur 
24,  si  possible  avec  un  niveau  egal  d’efficacite. 

Les  conditions  de  ces  vols  ont  egalement  dvolue 
avec  le  combat  modeme;  il  s’agit,  pour  la  plupart  des  cas, 
de  vols  basse  altitude,  et  mSme  trbs-basse  altitude  en 
heiicoptbre  de  combat,  Ik  grande  vitesse  quand  il  s’agit 
d’avions  4  reaction,  et  ce  quelles-que-soient  les  conditions 
meteorologiques;  autant  de  conditions  particulierement 
accidentogbnes. 

Ces  conditions,  dejlk  extremement  demandantes  de 
jour,  se  trouvent  alors  particulibrement  dangereuses  et 
complexes  ^  executer  de  nuit  du  fait  des  limitations  natu- 
relles  de  la  vision  du  monde  exterieur. 

Les  suppieances  spontanees  des  autres  modalitds 
sensorielles  sont  ici  trbs  r6duites  (tels  les  resultats  observds 
par  exemple  chez  les  malvoyants  qui  compensent  leur 
handicap  par  une  meilleure  exploitation  de  leurs  sens 
auditif  et  tactile  et  kinesthesique).  L’audition  sen  peu  en 
voi  tactique  de  nuit,  et  les  entrfes  kinesthesiques,  m&ne  si 
elles  peuvent  informo’  grossibrement  sur  I’altitude  (turbu¬ 
lences),  n’apportentpasd’information-clds  sur  la  conduite 
prdcise  de  la  trajectoire. 

Plusieurs  solutions  techniques  ont  done  propo- 


s6es  depuis  plusieurs  atuides  pour  su];q>lber  h  la  vision  de 
nuit :  systbmes  dlbctro-magndtiques  types  radar,  jumelles 
de  vision  de  nuit,  images  de  synthbse,  FLIR,  etc;  aucune  de 
ces  solutions  s’avbre  satisfaisante  seule.  On  a  maintenant 
recours  k  des  combinaisons  de  solutions  qui  rqadsentent 
typiquement  des  approches  qualifiafables  de  «multi-sen- 
seurs»,  puisque  plusieurs  senseurs  sont  utilisds  pour  ren- 
forcer  la  vision  humaine. 

Aprbs  une  brbve  description  des  diffi^ntes  solu¬ 
tions  ddjk  existantes,  ou  en  cours  de  ddvelqkpement,  le 
cours  se  concentre  sur  les  problbmes  cognitifs  engendrds 
par  ces  technologies  pour  I’utilisateur  final.  Les  problbmes 
de  base  de  la  prise  d’information,  particulibrement  vi- 
suelle,  ne  sont  pas  dbtaillbs  dans  ce  cours,  puisqu’ils  font 
I’objet  des  autres  cours  de  cet  enseignement  sur  la  vision 
nocturne.  L’analyse  porte  plutdt  sur  trois  aspects  complb- 
mentaires  pardculibrement  sensibles  au  niveau  du  traite- 
ment  de  I’information:  (i)  la  qualitb  la  rqrrdsentation 
physique  du  monde  et  son  influence  sur  la  rei»dsentation 
mentale  et  les  stratdgies  cognitives  de  conduite  du  vol  et  de 
prise  d’information,  (ii)  la  charge  de  travail  induite  par  ces 
systbmes  et  les  consequences  en  matibre  de  strategies  de 
planification,et  (iii)  la  relation  de  confiance  et  les  mbeanis- 
mes  de  mise  en  doute  de  I’information  prbsentde  et  les 
relations  avec  les  activitds  percq)tives.  Ces  diffbrentes 
notions  sont  dberites  dans  I’optique  d’un  cours,  avec  k 
chaque  fois  un  rappel  thborique  prdcisant  les  grandes 
lignesdesconnaissancessurledomaine,avantd’envisager 
leur  application  k  Tapproche  q)bciflque  multi-senseurs  en 
vol  de  nuit  On  prdsente  dans  une  cinquibme  partie  quelles 
ameliorations  seraient  souhaitables  pour  &ciliter  le  travail 
cognitif  et  la  partde  rentralnementdans  le  gain  de  perfor¬ 
mance  attendue  avec  ces  systbmes. 


1-  AIDES  A  La  VISION  DE  NUIT  :  UN  BREF  RAP¬ 
PEL  DES  syst£;mes  classiques  et  des  ap¬ 
proches  MULTI-SENSEURS 

Les  solutions  techniques  proposbes  pour  rendre  les 
vol  de  nuit  possibles  dans  les  conditions  de  vision  nocturne 
sont  de  trois  ordres ; 


1-1  les  automatismes  de  guidage  en  altitude-route. 

11s  dbehargent  le  pilote  du  risque  d’anti-colliskm 
avec  le  sol  (systbme  de  sui  vi  de  terrain).  Ces  automatismes 
sollicitent  peu  I  ’attention  du  pilote  au  niveau  perceptif  (en 
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g€n6ral  une  visualisation  permet  de  suivre  simplement  leur 
bon  fonctionnement).  Mais  ils  ont  deux  inconv^nients 
majeurs :  ils  ne  sont  pas  discrets  (dmission  radar  en  suivi  de 
terrain)  et  ne  foumissent  aucune  vue  du  monde  extdrieur 
pour  aider  aux  prises  de  ddcision  q)portunistes  qui  font 
rinterdt  d’embf^uer  un  pilote  it  bo^  de  I’adronef.  Us  ne 
peuvent  done  Stre  que  des  solutions  d’accompagnement 


1*2  les  sofutkms  qui  prdsentent  une  image  du  monde 
extdrieur  sur  une  visualisation  de  la  planche  de  bord. 

On  retrouve  dans  cette  famille : 

(i)  les  solutions  classiques  dlectro-magndtiques  type 
radar  (parfois  appeldes  aussi  dlectro-optiques)  qui  prdsen- 
tent  un  plan  rdglable  en  coupe  du  relief  frontal,  plus  ou 
moins  zoomd,  et  plus  ou  moins  horizontal  en  fonction  de  la 
distance.  Ce  sont  les  solutions  les  plus  anciennes.  Elies  ne 
sont  pas  discittes  et  ndeessitent  une  interpretation  mentale 
importante  du  pilote  pour  proedder  it  I’anticollision  avec  le 
relief;  elles  ne  foumissent  aucune  possiblitd  de  voir  des 
details  opdrationnels.  En  bref,  elles  sont  peu  efficaces  pour 
les  situations  op6ationneltes  auties  que  les  phases  de  na¬ 
vigation  de  nuiL 

(ii)  les  visualisations  du  monde  extdrieur  issues  de 
ciqMeurs  infra-rouge.  Ces  visualisations  type  FLIR  (For¬ 
ward-Looking  Infra-Red)  foumissent  une  image  effrcace 
de  la  sedne  uctique  plus  que  de  la  sedne  gdogiaphique 
(rdperage  de  toutes  les  sources  de  chaleur);  mais  ils  ddgra- 
dent  le  monde  extdrieur,  particulidrement  dans  la  zone  des 
hautes  frdquences  (ddtails  fms)  et  ce,  d’autant  que  les 
niveaux  de  constrastes  atteints  sont  relativement  faibles 
(Menu,  1989) 

(iii)  les  visualisations  synthdtiques  du  terrain  sur- 
vold,  images  issues  d’une  base  de  donnas  embarqude.  Ces 
images  sont  de  bonne  qualitd,  avec  une  bonne  luminance, 
mais  restent  artificielles,  simpliHdes,  et  ne  contiennent 
dvidemment  que  les  informations  de  la  base  de  donndes  au 
moment  (te  sa  constitution  ou  de  sa  rdvision.  Leur  pro- 
bldme  est  de  deux  ordies :  actualisation  (par  rapport  d  la 
date  d’enregistrement)  et  ddcalage  ou  phdnomdne  de  dd- 
rive  (par  rapptxt  au  relief  rdel). 

Dans  les  systdmes  les  plus  modemes,  on  envisage 
de  fiabiliser  1’ image  synthdtique  du  terrain  (ddtection  des 
ddcalages)  en  superposant  I’image  FLIR  et/  ou  en  proed- 
dant  h  des  vdrifications  radar.  On  entre  Ilk  dans  les  systdmes 
typiquement  multi-senseurs. 

1-3  lessolutionsqui  prdsentent  une  visualisation  super- 
posde  h  la  vue  naturelle  du  monde  extdrieur. 

Dans  ce  cas,  les  systdmes  multi-senseurs  ont  la 
particularitd  que  I’oeil  humain  devient  h  la  fois  acteur  et 
spectateur,  jouant  le  rdle  d’un  senseur  suppidmentaire  d 


intdgrer,  et  celui  d’un  observateur  exteme  transmettant  le 
rdsultat  au  cerveau.  On  retrouve  dans  cette  famille : 

(i)  les  deux  demiers  systdmes  (FLIR  et  Image  de 
synthdse)  qui  se  reirouvent  superposds  par  un  systdme  de 
renvoi  optique  d  un  viseur  tdte  haute,  ou  d  un  dqu^ment 
de  tdte.  Le  pilote  voit  «d  travers»  cette  image  le  monde 
extdrieur . 

On  retrouve  dgalement  une  autre  type  de  systdme, 
totalement  difrdrent ; 

(ii)  les  jumelles  de  vision  nocturne,  qui  amplifrent 
la  luminance  de  la  sedne  et  augmentent  ainsi  significative- 
ment  sa  visibilitd.  Ld  OKxrre,  I’image  du  monde  extdrieur 
reste  ddgradde,  appauvrie  dans  les  ddtails  fr  ns  et  particulid¬ 
rement  vulndrable  comme  pour  les  systdmes  dlectro-opti- 
ques  et  le  FLIR  aux  conditions  mdtforologiques. 


2-  REPRESENTATION  DE  LA  SCENE  VISUALI- 

sEe  et  representation  mentale 

Lecoursprdcddentsurl’imagementaleavaitnKmtrd 
que  la  rq>rdsentation  mentale,  verbale  ou  imagde,  sert  de 
guide  aux  processus  percq)tifs.  Elle  est  consiruite  avant 
I’activitd,  et  dvolue  avec  cette  activitd  en  se  ddformant  et 
s’adaptant  aux  circonstances  particulidres  de  la  rdalisation 
de  la  tdche  en  fonction  du  rdsultat  des  percqMions. 

Les  systdmes  multi-senseurs  occupent  une  posi¬ 
tion  particulidre  dans  ce  processus  d’accomodation  de  la 
reprdsentation  mentale  aux  cironstances  rdelles.  Ils  four- 
nisssentunintermddiairesymboliquerqndsentantle  monde 
dans  lequel  dvolue  I’adronef.  Mdmequand  la  vision  diiecte 
est  possible  d  travers  les  images  prdsentdes,  ce  monde  reste 
simpliHd,  amputd  de  ses  ddtails  fins  (hautes  frdquences),  et 
en  conditions  mdtdorologiques  ddfavoiables,  6s  ddtails  de 
taille  bien  plus  grandes  (moyenne  et  basse  frdquences). 
Ces  ddtails  fins,  invisibles,  sont  pourtant  utiles  au  suivi  de 
la  reprdsentation  mentale  et  d  son  ajustement  au  faits  rdels 
(ddtails  tactiques,  ddtails  de  trajectoire,  rqjdres  au  sols, 
zones  dangereuses,  i.e.:  lignes  d  haute  tension). 

Le  traitementcognitif  de  cette  amputation  de  vision 
est  gdndralement  rdalisd  par  rintermddir^  de  deux  slratd- 
gies :  (Santucci  et  coll,  1984;  Valot  et  Amalberti,  1989) 

-la  stratdgie  d’infdrence  par  proximitd  :  il 
faut  rdcupdrer  de  I’information  non  visible  mais  dont  le 
pilote  sait  la  forte  probabilitd  d’existence;  un  calcul  sym- 
bolique  sur  la  rqndsentation  permet,  grSce  aux  conruiis- 
saiKes  possdddes  sur  la  tdche,  6s  positionner  par  fnoximitd 
d  des  ddtails  moins  fins  le  ou  les  objets  recherchds;  la 
reprdsentation  guide  alors  la  percqHion  vers  ces  ddtails 
moins  fms.  Au  retour,  un  nouveau  traitement  cognitif 
infdrentiel  permet  d'estimer  la  localisation  d’objets  non 
visibles.  Cette  stratdgie  se  traduit  perceptivement  par  la 
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ii6cessit£  d’  une  exploration  plus  large  et  plus  firdquente  du 
champ  visuel,  bien  confiimfe  par  les  experimentations  en 
champ  visuelsr6duitsou'd6giBdes  (Papin  etcoll,  1981).  n 
s’agitUi  d’ une  strategic  de  pilote  novices  en  vol  de  nuiu  elle 
est  risqude  et  explique  la  forte  charge  de  travail  du  pilote 
debutant  les  vols  de  nuit  avec  des  systbmes  multi-senseurs. 

-lastrategiedenioindrerisques:  lescalculs 
inferentiels  sont  codteux  en  ressources  et  sont  rapidement 
lemplaces  avec  I’entrahtement  par  des  connaissances  plus 
automatisdsintegresdans  la  structure  mfimede  la  reiwesen- 
tation ;  i.e. ; «  denuit,  prendre  sesriq)eres  sur  les  villes,  ne 
plus  prendre  de  teptxes  sur  les  fotets».  «deux  coUines 
prochesdenuit=  lignehhaute  tension  entre  les  deuxsprise 
d’altitude  de  sdcurite^.  ou  enccxe  «ne  jamais  passer  verti¬ 
cal  coUine  de  nuit  =  risque  de  poteaux,  antennes,  eic».  Dans 
cecas  la  representation  est  recodde,  accomodde  defa^on 
telle  h  ce  que  les  indices  ndcessaires  h  son  suivi  ne  soient 
plus  dans  le  spectre  du  non  visible.  Cette  strategie  rdsulie 
typiquement  de  rentrainement  et  de  I’accomodation  pro¬ 
gressive  de  la  rqxesentation  utilisde  de  jour.  A  terme,  chez 
les  sujets  trbs  exports,  les  deux  representations,  de  jour  et 
de  nuit,  cwrespondant  h  la  m&ne  mission  et  au  rndme 
terrain  gdograpluque  d’activites,  diflbrent  considerable- 
ment  avec  des  prises  d’inCmnations  et  des  choix  tactiques 
tres  difrerents:  c’est  Ut  un  trait  classique  de  I’expertise 
humaine  (i)  que  de  faire  d’abord  une  prise  de  conscience 
de  ses  propres  diffkultes,  ce  qui  demande  toujours  du 
temps  et  de  I’entiaiiiement,  puis  (ii)  de  s’adapter  en  fonc- 
tkm  de  ses  propres  savoir-faire  et  de  specifier  ^s  nouvelles 
connaissances  h  la  nouvelle  situation  (Amalberd  &  al, 

1991) . 

Les  dtudes  rdalisdes  en  adronautique  (Amalberd, 

1992) indiquentquelquesvaleursgdndrales  du  processus 
d’accomodation  de  la  reiaisentation.  Pour  commencer  h 
ddriver  une  representation  stable  dans  une  activild  nou¬ 
velle,  il  faut  de  I’ordre  de  30  heures  de  vol  dans  les 
conditions  particulibres  de  la  situation  (mais  le  caractbre 
distribud  ou  massd  de  1  ’apprentissage  joue  dgalement,  et  le 
chiffie  pounait  tomber  aux  environ  de  20  heures  avec  un 
entndnement  trbs  massd).  Pour  stabiliser  et  specifier  tota- 
lementcetterepresentation,ilfautderordrede  lOOheuies 
et  le  processus  est  sans  limitation  supdrieure  (on  peut 
toujoursspdcifierencme  plus  la  representation).  Cet  inves- 
tissement  est  long,  si  long  que  Ton  pounait  envisager, 
comme  dans  bien  d’autres  activitds  humaines,  de  quasi- 
ment  spdcialiser  des  posies  de  pilotes  de  nuit,  ou,  tout  au 
long  d’une  affectation,  le  pilote  exeicerait  son  activitd 
adronautique  essentiellement  de  nuit  Le  bdndOce  seiait 
probablement  extrbmement  consequent  pour  le  caractbre 
(q)efationnel  de  ces  vols. 


3-SYSTtMES  MULTI-SENSEURS  ET  CHARGEDE 
TRAVAIL 

3-1  Rappel  sur  la  charge  de  travaii 

La  charge  de  travail  dvalue  une  certaine  intensitd 
du  travail  (Lq>lat  198S).  On  peut  encore  parin'  d’dvalua- 
tiondelapenibilitd,  ou  encore  de  la  fatigue  bienquecette 
dernibre  notion  soit  sensiblement  diffdrente  (la  fatigue  est 
la  consdquence  de  la  charge). 

La  charge  de  travail  fut  longtemps  uniquement 
apprdcide  b  travels  les  activitds  observables  de  I’individu. 
h^s  les  problbmes  thdtxiques  se  sont  posds  dbs  que  i’on 
a  voulu  mesurer  la  charge  de  travail  mentale  du  fait  de  la 
non-observabilitd  des  activitds  mentales.  Une  partie  des 
ddveloppements  scientifiques  n*a  alors  eu  pour  cesse  que 
de  contourner  cette  difficultd,  en  essayant  d’accbder  b 
d’autres  observables,  moins  dvidents  que  le  compratement 
physique,  mais  corrdlds  b  «la  charge  de  travail  mentale». 
Ce  fut  particulibrement  le  cas  de  I’dtude  des  correlats 
comportementaux,  physiologiques  et  psycho-physiologi- 
ques  (mesurer  I’EEG,  I’EMG,  I’ECG,  le  clignement  des 
paupibres,  etc.. .).  Le  point  commun  de  ces  approches  reste 
I’absence  de  thdorie  sur  la  charge  prtqrrement  dite  bien 
qu’ellesutilis^tdes  thdories  locales  sur  le  fonclionnement 
humain  (par  exemple  les  thdories  sur  le  foikcttonnement 
cardiaque  et  son  ad^tation  b  I’effortou  encore  les  thdories 
sur  la  vigilance  et  leur  lien  avec  la  sous-charge  de  travail ) 
:  on  ne  cherche  pas  b  expliquer  I’nigine  de  la  charge,  on 
cherche  b  mesum  une  des  manifestatkms  de  son  existence. 
Les  mdthodes  utilisdes  sont  validdes  si  elles  montrait  des 
variations  reproductibles  du  parambtre  mesurd  quand  on 
impose  des  contraintes  diffdrentes  au  sujet . 

Vers  la  fin  des  anndes  40,  les  travaux  des 
informaticiens  introduisentlamdtaphoreducerveau  humain 
/  (Hxlinateur-considdrd  comme  un  systbme  de  prise  et  de 
traitement  de  I’information  symlxrlique.  Ces  travaux 
mcmtrent  que  I'homme  est  fortement  limitd  en  puissance 
intellectuelle  par  les  caractdristiques  de  son  systbme  cog- 
nitif  (par  exemple  la  taille  de  sa  mdmoire  b  court  terme,  ou 
encwe  ses  capacitds  attentionnelles;  on  parle  mbme  de 
canal  limitd  de  traitement  obligeantropdrateuraeffectuer 
des  traitements  strictementsdriels).  La  charge  de  travail  est 
alors  considdrde  comme  la  consdquence  des  saturations 
des  capacitds  b  diffdrents  niveaux  opdratoires. 

Des  dvolutions  modernes  de  ces  thdories  in- 
troduiron  t  de  sd  vbres  critiques  en  ddmontrant  la  possibilitd 
de  traitement  parallbles  de  plusieurs  informations  dans 
certaines  circonstances  et  la  possibilitd  de  stratdgies  de 
contournement  des  limites  cognitives.  Le  concqMde  charge 
de  travail  dvoluera  alors  vers  I’idde  d’une  consommadon 
dynamique  de  ressources  cognitives,  avec  saturations 
possibles  b  certaines  dtapes  elds  du  traitement  Cette  ihdo- 
rie  introduit  dgalement  la  motivation  qui  permet  b  I’t^rdra- 


sance.  Les  pfemiers  travaux  dans  cede  direction  sont 
probablement  dds  i  Piaget  (1974)  avec  les  concepts  d’abs- 
traction  simple  et  d’abstiaction  r6fl6cliissanie.  L’abstrac- 
tion  simple  est  la  representation  de  Taction  ou  des  objets  it 
manipuler  dans  Taction.  L’abstraction  refiechissanie  est 
difrerente ;  ii  s’agit  de  la  comprehension  par  Toperateur 
(de  la  prise  de  conscience)  des  raisonnements  et  actions 
presentes  dans  sa  representation  de  Taction  (son  abstrac¬ 
tion  simple). 

Le  resultat  de  cede  prise  de  conscience  de  Tacti- 
viteest  typiquementune  elevation  du  niveau  de  contrdle  de 
Tactiviie(Hoc,  1987)qui  vaservirpour  Toperateur  it  dviter 
les  domaines  dans  lesquels  il  est  peu  performant,  h  mieux 
contrdler  les  domainesou  les  actions  doiventetresfnecises 
et  bien  lealisdes,  etc. 

Vomersch  (1976)  developpe  cede  perspective 
Piagetienne  de  la  regulation  des  actions  en  Tappliquant  au 
domaine  du  travail.  II  ddcrit  plusieurs  legistres  de  fonction- 
nement,  leprenant  les  caiacteristiques  des  diffeients  stades 
Piagetiens,  chacun  correspondant  h  des  raisonnements 
logiques  plus  ou  moins  formels;  il  fait  Thypodibse  que  ces 
difl&ents  registres  peuvent  se  rettouver  chez  Top^teur 
en  function  des  exigences  de  la  tSche.  n  introduit  egale- 
mentle concept denecessairecompromis  entred’uncote 
un  niveau  de  fonctionnement  it  fort  contrdle  et  forte  abs¬ 
traction  refiechissante,  sans  doute  ideal  en  matiere  de 
performance,  et  d’un  autre  cote  la  ndcessite  de  s’economi- 
ser  en  permanence  et  de  travailier  au  plus  faible  niveau 


d*abstraction.  En  resume,  le  contrdle  ego-centre  est  sous 
la  dependance  d’un  niveau  d’abstraction  plus  grand  que  le 
niveau  de  conduite  inxrprement  dit.  Les  meta-connaissan- 
ces  jouent  un  rdle  essentiel  dans  ce  contrdle.  L’homme  est 
capable  d’organiser  le  processus  pour  rester  dans  le  cadre 
de  ses  c^tacites,  et  de  surveiller  «logiquement»  (sous- 
entendu  en  utilisant  des  raisonnements  utilisant  la  logique 
f(»melle)  1  ’execution  du  travail  afln  d’eviter  au  maximum 
de  commettre  des  erreurs.  Mais  un  tel  fonctionnement 
cognitif  est  coflteux  et  doit  fitre  utilise  moderement;  il  est 
done  reserve  aux  situations  comprises  et  connues  comme 
potentiellement  incidentelles;  pour  les  autres  situations, 
les  plus  hn6quentes  dans  Tactivite,  leconirdle  conscientest 
plus  succinct;  il  porteessentieUementsur  deset^jesciesde 
i’execution  (concept  de  contrdle  par  noeud,  Amalberti 
1988);  dans  ce  dernier  cas  Tevitement  d’erreur  est  surtout 
1^  ii  Tencodage  dans  la  procedure  d’action  de  base  (et  non 
dans  une  procedure  de  contrdle  consciente  qui  serait  d’un 
niveau  plus  eievde)  de  certaines  inecautions,  astuces,  re¬ 
dundances,  qui  limitentle  risque  d’erreur  etle  risque  dene 
pas  detecter  /  recupercr  les  erreurs  si  elles  sont  commises. 

>Le  contrdle  exo-centre:  laconfiancedanslessystemes. 

Une  deuxi^e  dimension  importante  du 
contrdle  de  Tactivite  porte  sur  les  intermediaires  symboli- 
ques  qui  servent  ii  la  conduite. 

Des  lors  se  pose  pour  le  conducieur  la 
question  centrale  de  la  confuuice  ii  cette  rqiresentation 
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teur  d’augmenter  les  ressouices  qu*il  alloue  la  tSche  au 
prix  d’une  diminution  de  sa  capacity  de  rtserve  et  d'une 
fatiguabilit6  plus  grande. 

La  psychologie  cognitive  modeme  prolonge 
cette  position  en  expliquant  ie  mdcanisme  k  paitir  des 
savoir-faire  del’op6ateur.  Pius  I’opdrateurdevient  expert 
pour  un  tkche,  [dus  les  processus  de  r6cup6iation  et  de 
traitement  de  I’infonnation  deviennent  automadques  et 
dconomisent  de  la  charge  de  travail  (modkle  de  Shihirin  et 
Schneider.  1977).Cen’estdoncpasfinaIement  laquantild 
desinfonnationsktraiter(lesflux)quiconstituela(tifficul- 
tt  majeure  dans  la  plupart  des  cas  mais  leurs  «  qualitd». 
c’est  k  dire  leurs  cofnplexit6s  et  leurs  familiaritds  pour 
I’opdrateur.  (De  Montmollin,  1986). 

Enfin,  les  op6rateurs  humains  refusent  en  gdndral 
de  voir  leur  charge  de  travail  augmenteretserapprocherde 
ses  limites  acceptabies.  La  rdponse  est  gdndralement  un 
changement  de  niveau  d’aspiration  dans  le  r6sultat  de  la 
tkche.  Par  example  Spdrandio  (1980)  montre  que  les  con- 
trftleurs  de  la  navigation  adiienne  changent  ^  stratdgie 
quand  le  nombre  d’avions  k  contrOler  augmente  afin  de 
riguler  leur  charge  de  travail  constamment  k  un  niveau 
acceptable.  Ils  finissent  par  ne  plus  parler  qu’aux  avions 
qui  prdsentent  un  risque  de  confliL 

Ce  point  est  dvidemment  k  considdrer  quand  on 
analyse  les  performances  du  vol  de  nuitspar  nqqxxtau  vol 
dejour. 

3-2  Systkmes  multi-senseurs,  charge  de  travaQ  et  in¬ 
fluence  sur  le  choix  des  strategies 

La  charge  de  travail  augmente  mecaniquement 
avec  le  vol  de  nuit  pour  plusieurs  raisons : 

-la  situation  est  moins  connue,  les  processus  men- 
taux  sont  done  moins  automatisms  et  le  contrdle  conscient 
doit  mtre  plus  important 

-la  stratdgie  de  proxirnitm,  examinee  au  paragraphe 
precedent  oblige  k  considerer  perceptivement  plus  d’in- 
fmmations  pour  retrouver  les  informations  manquantes. 
Le  champ  d'exploration  est  aggrandi  et  logiquement  la 
charge  perceptive  resultante  est  plus  eievee. 

-dans  le  cas  des  details  mat  visibles,  reflbrt  neces- 
saire  pour  lespercevoir  est  plus  important  (allongement  du 
temps  de  perception).  Dans  ce  cas,  le  nombre  d’infotma- 
tions  percues  par  unites  de  temps  dim inue  alors  mSme  que 
le  point  precedent  suggkrequ’il  faudraitatteindreen  vol  de 
nuit  un  volume  de  fixations  superieur  au  vol  dejour.  Cette 
pression  constante  sur  la  perception  se  traduitdirectement 
par  une  surcharge  perceptive  et  une  fatigue  visuelle. 

Les  premiers  resultats  op^ationnels  ofTicieux  ob- 
tenus  en  Fnmce  avec  Tutilisation  de  systkmes  de  sup- 


pieance  k  la  vision  nocturne  type  jumelles  de  vision  noc¬ 
turne  ou  FLIR  laissent  penser  que  le  vtd  avec  systktne  de 
suppieance  ne  doit  pas  d^xisser  1  heure;  le  maximum  de 
performance  est  atteint  apirbs  S  minutes  de  port  (systkmes 
de  tete)  ou  d’udlisation  sur  le  tableau  de  bold,  puis  la 
perfoimancecommencekchuterveis20minutBsd*utilisa- 
tkm.  Ces  chifGres  suggbreraient  une  organisation  opera- 
tionnelle  de  la  mission  utilisantau  mieux  lesciqnci^de 
Toperateur  (eventuellement  avec  des  pModes  de  non 
utilisation  du  metdriel  de  siqrpieance),  pienant  ainsi  en 
compte  la  gestion  de  la  charge  et  de  la  fatigue  resuitanie. 

-Mbme  avec  Thabituation,  le  surcroit  de  raisonne- 
ments  inferentiels  necessaires  en  vol  de  nuit  pour  recaW  la 
representation  mentale  participe  aussi  largement  k  aug¬ 
mentation  de  la  charge  de  travail. 


4-SYSTfeMES  MULTI-SENSEURS  ET  M^CANIS- 
MESDECONFIANCE 

Les  problbmes  de  confiance  et  de  prises  de  risques 
sont  au  centre  de  I’utilisation  de  systbmes  multi-senseurs 
de  sui^ieance  k  la  vision  nocturne.  Une  longue  introduc¬ 
tion  theevique  rappelle  les  principaux  mecanismes  men- 
taux  pour  assurer  cette  confiance . 


4-1  Mecanismes  mentaux  de  la  confiance 

n  ne  sert  k  rien  d’avoir  un  ubs  bon  niveau  de 
planification  et  de  decision  ou  un  trbs  bon  savoir-faire 
jxofessionnel  de  gestion  de  tSche  si  ces  decisions  et  savoir- 
flure  sont  gkches  par  des  eneurs  d’execulion  ou  par  un 
manque  de  fiabilite  de  rintmface  et  des  systkmes. 

Ces  deux  aspects  determinent  justement  le  do- 
maine  du  contrdle  de  TacUvite  deflni  ici  en  compiementa- 
riie  du  contrdle  du  processus  lui-meme.  D  ne  s’agit  en  plus 
des  connaissances  necessaires  k  la  conduire  du  systknie,  k 
la  planification,  k  la  gestion  des  tkches,  mais  il  s’agit  (i)  de 
se  surveiller  soi-rndme  dans  la  realisation  des  raisonne- 
ments  et  des  actions  (contrdle  ego-centre)  et  (ii)  de  sur¬ 
veiller  la  qualite  de  fonctionnement  et  la  fiabilite  des 
intermediaires  graphiques  qui  servent  k  la  conduite,  sans 
quoi  le  risque  de  fonctionner  sur  des  informations  fausses 
pourraitetre  r^idementdramatique  (contrdleexocentre). 

>Le  contrdle  ego-centre 

La  cie  cognitive  du  contrdle  ego-centre  est  double 
:  represen  tadon  de  ses  points  faibles  et  des  risques  lids  k  ses 
savoir-faire  d’une  part,  maintien  d’un  niveau  d’attention 
sufflsant  d’autre  part 

La  replantation  de  ses  savoir-faire  et  de  ses 
points  faibles  renvoie  au  domaine  de  la  meta-connais- 
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fourniepar  les  systfcmes,  etii  traversceoe  repr6sentation  la 
confiance  accorder  aux  syst&mes  eux-m£ines  puisque  les 
actions  et  les  feedbacks  sur  le  monde  i6ek  vont  toe 
totalement  mdditos  par  ces  systtoies.  Schtoiatiquement, 
la  confiance  est  on  d»  critbres  de  idgulation  du  niveau  de 
conttdle.  Si  la  confiance  estfaible.rop6rateur  doit  utiliser 
en  permanence  un  niveau  de  conirdle  logique,  conscient. 
bas6  sur  les  mbta-connaissances,  mais  aussi  ve;:teur  de 
charge  de  travaU,  ce  qui  r6duit  mbcaniquement  le  champ  de 
son  activitb.  Si  la  confiance  est  forte  dans  le  dispositif,  la 
niveau  de  conirOle  peut  allbger  avec  probablement  le 
risqued’erreurde  routine  si  la  confiance  est  liop  excessive. 

Les  mbcjuiismes  cognitifs  d’btablisse- 
ment  de  la  confiance  dans  I’usage  des  sysibmes  peuvent 
btre  rbpertoribs  en  irois  categories  :  (i)  revaluation  du 
compoftement  du  systbme  en  conditions  normaks,  (ii) 
rev^uation  de  la  fu^ilite  du  syslbme,  et  (iii)  la  tol&ance 
des  ecarts  de  la  representation  ptoposee  au  monde  reel. 

■<i)  revaluation  du  comportement  de 
I’interfaceen  conditions  nonnales,etik  travers  luirevalua- 
tion  du  systtoie  tout  entier.  est  une  condition  cie  de 
retablissementde  la  confiance.  Par  reference  aux  rbglesde 
confiance  dans  la  communication  inter-humaine,  Muir 
( 1987)  definit  trois  atientes  de  ropeiaieur  dans  la  coopera¬ 
tion  HonuneAnachine ; 

-I'operateur  attend  que  la  machine  suive 
des  lots  qui  permetient  une  certaine  predictibilite.  et  done 
qui  permettent  la  construction  d’une  representation  men- 
t^e  apte  k  predire  les  evenements 

•le  second  point  rejoint  le  modble  SRK 
de  Rasmussen  (1986).  Muir  distingue  trois  types  de  com¬ 
petences  techniques  chez  I’operateur :  le  savoir  theorique, 
le  savoir  pratique  et  la  routine  Joumalibre.  Le  systbme  et 
son  interface  doivent  permettre  de  travailler  au  trois  ni- 
veaux  de  coruiaissances,  or  le  travail  ne  peut  devenir 
routinier  (routines  joumalibres)  que  si  le  sy^me  dbgage 
un  niveau  de  confirmee  suffisant 

-le  troisibme  point  est  lib  aux  capacitbs 
des  machines  et  k  la  confiance  k  donner  k  des  informations 
calculbes  par  la  machine  et  invbrifiables  de  visu  ou  par 
calcul  mental.  Ce  point  rejoint  I’bvaluation  de  la  fiabilitb 
des  systbmes. 

-(ii)  L’bvaluatkm  de  la  firibilitb  des  sys¬ 
tbmes.  On  retrouve  dans  I’bvaluation  de  la  fiabilitb  glotole 
des  systtoies  les  rbsultats  suggbrbs  par  I’exphrimentation 
de  Moray  et  Lee.  Mius  ici,  la  littbrature  intbresse  surtout  k 
I’biablissement  de  la  confiance  par  estimation  de  la  fiabi¬ 
litb  des  systbmes.  Les  rbsultats  convergent  pour  souligner 
la  sur-bimluation  de  la  fiabilitb  des  systbmes  et  la  nqiiditb 
de  I’instidlation  de  cette  sur-bvaluation  puisqu’il  suffit  de 
Tabsence  de  pannes  pendant  les  premibres  interventions 
sur  le  systbme  pour  que  la  (sur)confimice  soit  installbe.  Ce 
rbsultat  n’est  pas  propre  k  I’estimation  du  risque  lib  au 
systbme  et  peut-btm  gbnbralisb  k  tous  les  domaines  de  la 
perception  du  risque . 


-(iii)  la  demibre  dimenaon  dans  la 
comprbhension  des  mbcanismes  de  confiance  est  I’bcart 
tolbraUe  entre  reprbsentatkm  du  monde  et  le  monde  lui- 
mtone.  n  s’agit  Ik  d’un  point  rarement  bvoqub  dans  la 
littbrature  mais  probablement  important  Les  rqxbsenta- 
tions  graphiques  foumissentune  reprbsentation  fortement 
rbductrice  du  monde  par  certains  cotb,  mais  aussi  forte¬ 
ment  accrue  par  d’autres  aqiects  (utilisation  de  capteurs  k 
basse  luminance,  de  sondes  posbes  k  des  endrents  qui 
smaient  inaccessibles  k  la  vue  et  k  I’estiniation,  etc.).  La 
reprbsentation  foumie  est  done  une  dbformation  particu- 
li^durbel;  I’opbrateur  doit  interprbto' cette  rqabsenta- 
tion  en  utilisant  une  «une  fonction  de  transfat».  La  stabi- 
litb  de  cette  function  de  transfert  est  une  fonetkm  directe  de 
la  Vitesse  et  de  la  qualitb  d’instaUadon  de  la  confimice. 


4-2  Confiance  et  approches  multi-senseiirs 

Les  efiets  de  I’utilisation  de  systbme  de  supplbance 
k  la  vision  nocturne  sur  la  confiaiKe  bvoluent  en  trois 
phases: 

Passb  la  phase  initiale  de  prise  de  contact  (environ  20 
premibres  heures  de  vol  de  nuit),  les  systbmes  multi- 
senseursdesuiqilbancekla  vision  noctumeengendrent  un 
conflitdeconfiancepourropbrateurtparcequ’ilsaugmen- 
(entsesproptescapaciibsdevision.ces^tbmesaugmen- 
tentlaconfiancedecetopbrateurdanssesproprescapaci- 
tbs  et  dans  la  prise  de  risque  qu’il  peut  prendre;  le  pilole  a 
alors  tendance,  particulibrement  dans  le  erbneau  40  -70 
heures  de  vol,  quand  il  commence  k  s’habituerau  systbme, 
k  sur-exploiter  les  capacitbs  du  systbme  et  k  fiiire  une 
confiance  excessive  k  ses  propres  possibilitbs. 

Dans  une  seconde  phase,  la  confiance  dans  la  fiabi¬ 
litb  des  capteurs,  une  fois  acquise  par  rexpbrience  de  pro- 
bitoies  vtous,  chute  rapidement,  bien  que  I’opbrateur  con¬ 
tinue  k  se  servirde  ces  outils  de  supplbances.  Les  stratbgies 
cognitivesdecontrdlesedbvelop^talorsdefa(onexces- 
sives,  consommant  bnormbment  de  ressources  au  dbtri- 
ment  du  traitement  de  la  siuiation  tactique  fies  ressources 
du  systbme  cognitif  sont  en  nombre  finies);  c  ’es  t  une  phase 
que  Ton  peut  estimer  de  durbe  bquivalente  k  la  premibre 
phase. 

Ce  n’est  qu  ’au  delk  que  se  met  en  place  une  relation 
de  confiance  dans  les  systbmes  et  dans  In  propres  cipaci- 
tbsdel’opbrateurplusexacte  (rOle  des  mbta-connaissan- 
ces)  qui  va  servir  progressivement  I’installation  d’une 
perfwmance  stable  de  nuit,  avec  une  prise  de  risque  plus 
modbrbe  qu’en  dbbut  d’udlisation.  C^  phase  se  traduit 
par  un  investissement  nettement  plus  important  dans  les 
prboccupatitms  lactiques. 
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SCONCLUSION:  QUELS  R£SULTATS  ET 
QUELLES  SOLUTIONS  POUR  AM£LI0RER  LES 
SYSitMESMULTI-SENSEURS? 


5*1  qadqMCsrtedtatsd’expirimentatkNi  desys- 
tteMs  «aiiihMCuears» 

Uiieexp6riinentalionr6cente(AnS,1991)surles 
systfcmes  multi-SHiseiiis  integrant  des  H’inages  synth^d- 
que  du  tenain  survol6  montre  que  les  pilotes,  s’ils  avaient 
te  choix  pt^ftfeiaient  un  systbme  k  «visioii  k  travers» 
(HUD  ou  casque)  k  un  systkme  multi-aenseurs  pfdsentd  sur 
taplanchedebord. 

La  moitid  des  piloies  utilisant  des  images  syniMtiques 
superposdes  k  la  vue  directe  et  au  HUD  n‘envisagent  ce 
systfeme  qu’avec  des  commandes  d’aUkgement  et  de  sup¬ 
pression  temps  r6el  ou  d’accks  r^ides.  Les  autres  pilotes 
ne  se  prononcent  pas  encore  sur  ce  point  Ce  point  illustrt 
le  risque  de  masquage  du  monde  ext^ieur  induit  par  ces 
sysikmes,  principidementquand  les  condidonsext^eures 
prksentent  un  forte  luminosity  (suivol  de  ville  ou  de  zone 
de  combat). 

Le  positkmnement  gfograpbique  est  difHcile  sur  ces  sys- 
tkmes.  Ces  difficultys  sont  bien  plus  importantes  que  ne  le 
montrent  les  rksultats  objecdfs  de  rexp6rimentadon;  les 
pilotes  rdfiychissent  tous  un  long  moment  avant  de  se 
posidonner  gfographiqueinent  sur  la  zone  qu’ils  survo- 
laient  Lesycartssontimportanisenpiemikreesdmation, 
puis  se  rkduisent  par  le  raisonnement  sur  rhistoire  du  vol 
mais  nkcessitent  dans  ce  cas  plus  de  30  secondes  en 
moyennepouroptimiserlar6ponse.  Enbref.cessystkmes 
n’aident  pas  k  naviguer ;  leur  idle  estplutdt  le  vol  k  court 
lerme,  la  dktecdon  d’obstacles  et  de  cibles  tacdques.  Ce 
point  est  important  car  il  y  a  toujours  un  risque  de  dkiive 
dans  ces  systkmes  de  supplkance  avec  une  extension 
abusive  de  leur  emploi  qui  conduiiait  k  des  accidents  plus 
nombreux  enddbutde  miseen  service.  L’introduction  des 
HUD  il  y  a  dix  ans  a  cotmu  un  cheminement  comparable 
jusqu’k  la  stabilisadon  de  leur  philosc^ie  d’emploi . 

Dans  le  rnkme  esprit  la  majority  des  pilotes  consi- 
dyrent  que  les  prysentadons  muld-senseurs  ne  permettent 
pas  k  elles  seules  de  piloier  «k  vue»  dans  les  conditions  du 
vol  basse  altitude-  grande  vites.se.  n  est  encore  strictement 
nycessaire  d’incorporer  des  diyments  de  guidage  issus  du 
pilote  automadque  et  du  suivi  de  terrain  plus  des  ddments 
de  pilotage  classiques. 

La  dytection  des  dycalagesentresystkmesde  visua¬ 
lisation  k  base  de  terrain  synihydque  et  relief  rdel  s’est 
avdry  difficile  pour  tous  les  pilotes,  surtout  en  conditions 
de  brume  et  quand  le  relief  du  terrain  survoiy  dtait  peu 
accidenty.  Le  ddcalage  est  pm^  u  parfois  trks  tardivement 
(toiyrance  de  la  perception  quand  la  ryfyrence  et  I’image  k 


comparer  sont  loutes  les  deux  d^raddes  dans  les  fryquen- 
ces  devdes).  Mais  quand  leddcalage  est  peryu,  la  pertede 
confianceestimmydiateettotalevyriafiantainsilemodyie 
exposd  prdcydemment 

5-2  vol  de  nuit  et  aspects  gdadraux  de  la  perfor- 

Bumce 

Le  vol  de  nuit  ne  met  pas  simplement  en  jeu 
raltdration  de  la  vision.  La  fatigue  lide  k  la  privation  de 
sommeil  est  un  facteur  eld  qui  diminue  encore  les 
ressources  cognitives  diq;)onibles.  Les  premikres  heures 
du  jour  sont  particulikrement  critiques  puisqu’elles  cum- 
mulent  k  la  fois  la  perframance  minimale  du  fait  du 
biorythme  et  la  perfmmance  minimale  du  fait  de  la 
privation  de  sommeil  accumulde  si  >e  pilote  n’a  pas  pris  de 
repos  depuis  la  veille.  Ces  facteurs  peuvent  consid^able- 
mentalttor  la  performance  perceptive  etcognitivede  base 
du  pilote  utilisant  les  systkmes  de  suppldances. 

Ces  effets  physiologiques  justifient  amplement  de 
ne  pas  considdrer  le  vol  de  nuit  comme  un  simple  prolon- 
gement  du  vol  de  jour  mais  d’y  pr^nrer  les  escarbons  en 
adopiant  une  hygiknede  vie  compat&leaveccette  activity, 
enjouantdiffdremmentsurlescontrainteshabituellesd’un 
escadron  stationnd  sur  une  base,  en  organisant  difrdrem- 
ment  les  repos  des  personnels;  en  Ixef.  en  organisant  le 
travail  k  rdchellon  du  coUectif  et  non  de  I’individu. 


5-3  Quelies  directions  pour  amdliorer  le  coo- 
plage  H/M  sur  ces  systkmes 

Les  solutions  possibles  pour  amdliorer  un  couplage 
H/M  sont  toujours  de  trois  natures :  agir  sur  le  systkme,  agir 
sur  les  opdrareurs  et  agir  sur  les  instructions  opdrationnel- 
les.  L’utilisation  de  systkmes  de  suppldance  k  la  vision 
nocturne  n’dchappe  pas  k  cette  rkgle. 

L’amdlioration  des  systkmes  est  en  cours.  Elle  ne 
fait  pasl’objet  direct  dececoursmaisdoityvidemmentytre 
prise  en  compte  pour  I’avenir. 

L’amdUoration  des  compdtences  des  opdrateurs  est 
un  dldment  eld  du  succks  de  ces  systkmes.  Nous  avons  vu 
tout  au  long  du  cours  que  la  ddrive  d’une  idprdsentation 
mentale  spdcifique,  efficace,  pour  le  vol  de  nuit  ndeessite 
plusieurs  dizaines  et  mdme  centaines  d’heures  d’expd- 
rience  dans  ces  conditions.  Cette  reprdsentation  est  diffd- 
rente  de  la  reprdsentation  du  mdme  travail  de  jour.  Pour 
toutes  ces  raisons,  il  semble  bien  qu’il  y  ait  un  gain  dvident 
k  masser  relativement  rentralnementdenuitttk  faire  qu’il 
occupe  une  part  non  idduite  k  la  portion  congrue  de 
I’entrainement  joumalier  (ce  qui  est  eiKore  trop  souvent  le 
cas).  La  cidation  d’  unitds  qtdcialisdes  dans  le  vol  de  nuit. 
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effectuant  au  moins  la  moiti6  de  leur  heures  de  vol  dans  ces 
conditions,  seiait  mfime  tout  It  fait  logique  dans  cede 
demarche;  les  Forces  US  et  Anglaises  semblent  avoir  dans 
cette  perspective  une  bonne  avance  sur  les  [ratiques  des 
autres  Forces  des  Amides  de  I’OTAN. 

L’addquation  progressive  des  instructions  opdra- 
tionnelles  est  une  autre  condition  du  succbs  It  terme  de  ces 
systbmesdesui^ldance.  Laguerredenuitestdiffdreniede 
la guerre  dejour.etl’handicapde  la  vision  toucheautantles 
adversaires quelepilote dans  son  adronef.  Ilestdvidentque 
les  conditions  de  combat  de  nuit  ne  seront  jamais  totale- 
mentdquivalentes  aux  conditions  de  combat  de  jour.  II  faut 
done  cemer  ce  qui  reste  effectivement  rdalist^le  de  nuit 
dans  le  cadre  tactique,  spdeifier  le  type  de  mission  It 
pratiquer,  et  le  niveau  d’exigence  de  la  performance  dans 
ce  type  de  mission ,  afin  de  ne  pas  imposer  aux  pilotes  des 
prises  de  risque  disproportkmndes  par  rapport  aux  capaci- 
tds  rdelles  des  systdmes  technologiques  mis  li  leur  service. 
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SUMMARY 

Night  vision  goggles  (NVGs)  are  widely  used  to 
enhance  visual  capability  during  night  operations. 
NVGs  are  basically  composed  of  an  objective  lens 
which  focuses  an  image  onto  the  photo-cathode  of 
an  image  intensifier  tube  which  in  turn  produces 
an  amplified  image  that  is  viewed  through  an 
eyepiece  lens.  There  are  several  versions  of 
NVGs  in  use  and  in  development.  These  include 
the  AN/PVS-5.  AN/AVS-6.  PVS-7,  Cat's  Eyes, 
Nite-Op,  Eagle  Eyes,  Merlin,  and  others.  The 
first  section  of  this  paper  provides  a  brief 
description  and  characterization  of  each  of  these 
NVGs. 

There  are  several  parameters  that  are  used  to 
characterize  the  image  quality  and  capability  of 
the  NVGs.  These  parameters  include  field-of- 
view  (FOV),  resolution,  spectral  sensitivity, 
brightness  gain,  distortion,  magnification,  optical 
axes  alignment,  image  rotation,  overlap, 
beamsplitter  ratio,  exit  pupil  diameter,  eye 
relief,  and  others.  Each  of  these  is  discussed  in 
the  second  section  of  this  paper. 

CURRENT  NIGHT  VISION  GOGGLES 

In  general,  all  NVGs  are  similar  in  that  they  all 
have  three  basic  components:  an  objective  lens 
system,  an  image  intensifier,  and  an  eye  lens 
system.  However,  there  are  several  ways  in 
which  these  different  components  can  be  designed 
and  configured  which  vary  the  trade-off  between 
some  of  the  design  parameters. 

The  heart  of  any  NVG  is  the  image  intensifier 
tube.  Both  second  and  third  generation  tubes  are 
in  wide  use  in  fielded  systems  today.  The  second 
generation  image  intensifier  tubes  (typically 
referred  to  as  "gen  M")  are  sensitive  to  light 
from  about  400  nm  to  about  900  nm  whereas  the 
more  sensitive  third  generation  tubes  are 
sensitive  from  about  600  nm  to  a  little  over  900 
nm  (see  figure  1).  This  compares  to  a  human 
visual  spectral  sensitivity  that  ranges  from 
about  400  nm  to  700  nm.  The  'gen  III*  tubes  are 
about  4  to  5  times  more  sensitive  to  night  sky 
illumination  than  the  *gen  IP  tubes  but  they  also 
cost  significantly  more. 


Wavelength  (nanometers) 


Figure  1.  Spectral  sensitivity  of  second  and 
third  generation  image  intensifier  tubes. 

The  following  sections  provide  a  brief 
description  of  several  fielded  and  developmental 
NVGs  with  an  abbreviated  table  of  some  of  their 
key  characteristics. 

PYS-5 

The  US  Army  developed  the  PVS-5  NVGs  for 
use  by  vehicle  drivers  and  ground  troops.  When 
these  NVGs  were  initially  fielded  they  all  used  a 
second  generation  image  intensifier  tube. 
Although  in  later  years  some  have  been  produced 
with  a  so-called  'second  gen  plus'  tube  which 
provided  about  twice  the  gain  as  the  original  gen 
II  tube.  There  are  currently  three  versions  of 
the  PVS-5  (a,  b,  and  c)  which  vary  in  their 
mounting  mechanism,  objective  lens  and  image 
intensifier  tube  characteristics;  but  they  all  have 
the  same  basic  construction.  The  PVS-5  is 
composed  of  two  in-line  oculars.  Each  ocular  has 
an  objective  lens  located  directly  in  front  of  the 
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image  intensifier  tube.  The  objective  lens 
produces  an  image  of  the  outside  scene  directly 
on  the  photo-cathode  of  the  image  intensifier 
tube.  Since  the  objective  lens  inverts  the  image 
of  the  outside  scene  it  is  necessary  to  employ  a 
fiber  optics  'twister*  to  rotate  the  amplified 
image  back  to  an  upright  orientation.  An 
eyepiece  lens  is  located  directly  behind  the 
output  of  the  image  intensifier  and  acts  as  a 
simple  magnifier  lens  for  viewing  the  output 
image.  The  objective  lens  and  eyepiece  lens  have 
the  same  focal  length  to  produce  a  system  with 
approximately  unity  magnification.  The  eyelens 
is  adjustable  to  accommodate  -6  to  +2  diopters 
of  correction  to  compensate  for  wearers  who 
require  eyeglasses. 

The  housing  for  the  PVS-S  is  somewhat  bulky 
with  a  padded  back  surface  that  rests  against  the 
face.  When  originally  fielded  the  PVS-5  was 
mounted  to  the  head  by  a  series  of  straps  that 
went  around  and  over  the  head.  Later  versions 
were  modified  to  attach  to  a  flyers  helmet  and 
had  much  of  the  housing  cut  out  to  permit  the 
wearer  to  view  under  the  NVGs  at  flight 
instruments  (McLean,  1982).  This  led  to  the 
PVS-Sc  version.  Table  1  is  a  brief  summary  of 
the  key  characteristics  of  the  PVS-5  NVG. 


Table  1.  PVS-5  Characteristics 


Field-of-view  (FOV): 

40  degrees  circular 

Resolution: 

20/50  -  20/70  Snellen 

Exit  pupil: 

None 

Beamsplitter; 

No 

Eyelens  Adjustment; 

-6  to  +2  diopters 

Weight: 

880  gm  (31  oz) 

The  PVS-5  NVG  does  not  have  a  real  exit  pupil 
since  it  does  not  use  a  relay  lens.  The  resolution 
range  shown  in  Table  1.  reflects  the  range  of 
values  that  have  been  published  by  different 
authors  over  the  past  10-12  years.  Since  the 
image  intensifier  tube  is  a  key  component  in 
iimiting  resolution  it  is  most  probable  that  the 
20/50  Snellen  acuity  (published  in  more  recent 
documents)  is  a  result  of  improved  image 
intensifier  manufacturing  and  design. 

AN/AVS-6.(ANyiSi 

The  AN/AVS-6  or  aviator’s  night  vision 
imaging  system  (ANVIS)  NVGs  were  developed  by 
the  US  Army  specifically  for  use  in  helicopter 
flying.  These  were  also  designed  using  third 
generation  image  intensifier  tubes  which  has  led 
to  some  confusion  in  terminology.  The  ANVIS 


NVGs  have  also  been  referred  to  as  third  gen 
NVGs  and  the  PVS-5s  as  second  gen  NVGs 
primarily  because  those  tubes  came  with  the 
original  systems.  However,  second  generation 
plus  tubes  have  been  installed  in  ANVIS  type 
housings  so  the  correct  designation  should  include 
both  the  NVG  type  (e.g.  ANVIS  or  PVS-5)  and  the 
image  intensifier  tube  (e.g.  second  gen,  second 
gen  plus,  or  third  gen)  to  prevent  confusion. 

The  ANVIS  NVGs  look  very  much  like  a  pair  of 
binoculars.  The  fundamental  optical  design  is 
very  similar  to  the  PVS-5  in  that  an  objective 
lens  focuses  an  image  onto  the  photo-cathode  of 
the  image  intensifier  tube,  a  fiber  optics  twister 
re-inverts  the  output  image  that  is  viewed  by  a 
simple  magnifier  eyepiece  lens.  The  mounting 
system  is  substantially  different  in  that  the 
ANVIS  was  originally  designed  to  attach  to  a 
helmet.  The  mounting  system  provides 
adjustments  for  inter-pupillary  distance,  tilt, 
vertical,  and  fore/aft  position.  The  objective 
lens  was  also  of  a  lower  F/number  (ratio  of  focal 
length  to  diameter  of  lens)  to  improve  its  light 
gathering  capability  and  thereby  increase  the 
overall  gain  of  the  NVG.  Table  2  is  a  summary  of 
the  key  characteristics  of  the  AN/AVS-6  NVG. 


Table  2.  AN/AVS-6  Characteristics 


Field-of-view: 

40  degrees  circular 

Resolution; 

20/40  -  20/50  Snellen 

Exit  pupil; 

None 

Beamsplitter: 

No 

Eyelens  Adjustment: 

-6  to  +2  diopters 

Weight: 

550  gm 

AN/P.VS-2 


In  an  effort  to  reduce  costs  for  providing  NVGs 
to  ground  forces  the  US  Army  developed  the 
PVS-7  NVGs.  This  NVG  is  unique  in  that  it  is 
biocular:  it  has  one  objective  lens,  one  image 
intensifier  but  two  eyepieces.  The  objective  lens 
and  image  intensifier  tube  configuration  is 
similar  to  the  PVS-5  and  ANVIS;  however,  since 
the  optical  system  used  to  split  the  image  for  the 
two  eyes  re-inverts  the  image  it  was  not 
necessary  to  twist  the  fiber  optics  to  do  the  re¬ 
inversion.  However,  a  fiber  optics  conduit  was 
still  used  (without  twist)  since  it  was  integral  to 
the  manufacture  of  the  tube. 

Another  significant  difference  between  this 
NVG  and  the  ones  previously  discussed  is  that  it 
uses  a  relay  lens  to  transfer  the  image  from  the 
output  of  the  image  intensifier  tube  to  the 
eyepiece  lenses.  This  causes  the  creation  of  a 
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real  exit  pupil  (see  later  section  on  NVG 
characteristics).  Table  3  is  a  summary  of  the 
key  characteristics  of  the  PVS-7  NVGs. 

Table  3.  PVS-7  Characteristics 


Field-of-view: 

Resolution: 

Exit  pupil: 
Beamsplitter: 
Eyelens  Adjustment: 
Weight: 


40  degrees  circular 
20/40  -  20/50  Snellen 
10  mm  dia 
No 

-6  to  +2  diopters 
580  gm  (w/mount) 


a  pilot  to  view  his  aircraft  HUD  without  the  loss 
of  image  quality  that  might  occur  if  he/she 
viewed  the  HUD  through  the  image  intensifier 
system. 

However,  this  design  concept  requires  that  the 
optical  path  after  the  image  intensifier  tube  be 
folded  which  leads  to  a  smaller  obtainable  field- 
of-view.  In  addition,  the  beamsplitter  reduces 
the  luminance  from  the  image  intensifier  tube 
thus  reducing  the  gain  of  the  system.  Table  5  is 
a  summary  of  the  Cat's  Eyes  NVGs. 

Table  5.  Cat's  Eyes  NVGs 


It  should  be  noted  that  the  PVS-7  NVGs  are  not 
considered  suitable  for  piloting  aircraft  for 
safety  reasons:  if  the  image  intensifier  tube  fails 
then  the  image  is  lost  to  both  eyes  whereas  with 
the  PVS-5  or  ANVIS  if  one  channel  fails  the  other 
is  still  available. 


Field-of-view: 

Resolution: 

Exit  pupil: 
Beamsplitter: 
Eyelens  Adjustment: 
Weight: 


30  degrees  w/clipping 
20/40  -  20/50  Snellen 
None 
Yes 


None 

750-800  gm 


NITE-OP  NVGS 

The  Nite-Op  NVG  was  developed  by  Ferranti 
International  for  the  British  military  as  an 
improvement  over  the  ANVIS  NVGs.  The  basic 
design  is  very  similar  to  the  ANVIS  NVGs  but  the 
mounting  system  is  much  more  ruggedized  and 
the  field-o^view  is  larger.  In  addition,  the 
eyepiece  lenses  are  much  larger  in  diameter 
which  permits  larger  eye  relief  and/or  larger 
mounting/positioning  tolerance  with  respect  to 
the  wearer's  eyes.  Table  4  is  a  summary  of  key 
characteristics  of  the  Nite-Op  NVGs. 

Table  4.  Nite-Op  NVGs 


Field-of-view: 

Resolution: 

Exit  pupil: 
Beamsplitter: 
Eyelens  Adjustment: 
Weight: 


45  degrees  circular 
20/40  -  20/50  Snellen 
None 
No 

-3.5  to  ■fO.5  diopters 
750  gm 


Cat's  Eves  NVGs 

The  Cat's  Eyes  were  developed  and  are 
produced  by  GEC  Avionics  in  UK.  The  front  end 
optical  system  is  similar  in  basic  design  to  the 
ANVIS  but  the  eyepiece  optics  are  significantly 
different.  These  NVGs  were  designed  to  provide 
a  see-through  combiner  (beamsplitter)  in  front  of 
each  eye  which  allows  the  wearer  to  see  his 
instrument  panel  or  head-up  display  (HUD) 
directly  without  going  through  the  image 
intensifier.  This  concept  was  developed  to  allow 


The  folding  of  the  optical  system  results  in  a 
circular  30  degrees  field-of-view  with  some 
clipping  of  the  image  in  the  lower  right  and  lower 
left.  This  makes  the  actual  FOV  appear  something 
like  a  baseball  diamond  viewed  from  above. 

EAQL£  EYES  NVGs 

All  of  the  previously  discussed  NVGs  have  been 
fielded  and  are  in  use  in  military  applications 
somewhere  in  the  world  for  either  ground  or 
aviator  use.  The  Eagle  Eyes  NVG  designed  by 
Night  Vision  Corporation  is  still  under 
development.  The  unique  feature  of  the  Eagle 
Eyes  NVGs  is  that  the  optical  system  for  both  the 
objective  lens  and  eyepiece  lens  are  folded  to 
produce  a  low  profile  NVG  that  fits  fairly  close  to 
the  face.  In  order  to  do  this,  the  objective  lens 
apertures  are  spaced  further  apart  than  the 
distance  between  the  two  eyes  producing  some 
stereopsis  exaggeration  at  close  distances.  The 
Eagle  Eyes  are  also  designed  with  a  beamplitter 
eyepiece  lens  system  to  permit  direct  viewing  of 
the  HUD  and/or  instrument  panel.  Table  6  is  a 
brief  summary  of  the  key  characteristics  of  the 
Eagle  Eyes. 

Table  6.  Eagle  Eyes  NVGs 


Field-of-view: 

Resolution: 

Exit  pupil: 
Beamsplitter: 
Eyelens  Adjustment: 
Weight: 


40  degrees  circular 

20/40  -  20/50  Snellen 

None 

Yes 

None 

580  gm 


7-4 


Due  to  the  nature  of  the  folding  in  the  Eagle 
Eyes  optical  system  there  is  very  little  eye 
relief  and  the  peripheral  vision  is  reduced.  These 
were  the  trade-offs  to  obtain  the  extremely  low 
profile  of  these  NVGs. 

MERLIN  NVGS 

MERLIN  (Modular,  Ejection-Rated,  Low-profile, 
Imaging  for  Night)  is  under  development  by  ITT 
corporation.  It  uses  two  separate,  independently 
adjustable  oculars  and  a  unique  image  intensifier 
tube  design.  The  image  intensifier  tube  and 
power  supply  have  been  repackaged.  The  tube 
does  not  use  a  fiber  optics  faceplate  or  twister 
which  allows  for  Improved  resolution.  The 
optical  system  does  employ  a  relay  lens  that 
produces  a  real  exit  pupil.  The  system  is 
designed  to  fit  onto  existing  HGU-53  and  HGU-55 
aviator  helmets.  Table  7  is  a  summary  of  the 
MERLIN  characteristics. 


Table?.  MERLIN  NVGs 


Field-of-view; 

35  degrees  circular 

Resolution; 

20/35  -  20/40  Snellen 

Exit  pupil: 

10  mm  dia 

Beamsplitter: 

Yes  or  No  (optional) 

Eyelens  Adjustment; 

None 

Weight: 

800  gm 

OTHER  NVG  SYSTEMS 


There  are  several  other  NVG  systems  that 
have  been  developed  but  due  to  their  proprietary 
status  they  are  not  discussed  here.  The  systems 
that  have  been  presented  provide  a  fairly 
complete  coverage  of  the  different  approaches 
(beamsplitter  vs  beamsplitter;  pupil  forming  vs 
non-pupil  forming;  folded  vs  non-folded  optics; 
biocular  vs  binocular;  fiber  optics  twister  vs  no 
twister;  etc)  that  have  been  tried. 

Another  device  that  is  closely  related  to  the 
NVGs  and  has  been  retrofit  to  some  NVGs  is  the 
NVG-HUO.  The  NVG-HUD  was  designed  to  provide 
critical  flight  information  symbology  overlaid  on 
the  NVG  FOV.  Several  different  designs  have 
been  developed  to  retro-fit  to  existing  NVGs  and 
there  is  a  desire  by  some  organizations  to  include 
the  symbology  generation  capability  as  an 
integral  part  of  the  NVG  for  aviation  use. 

NIGHT  VISION  GOGGLES  CHARACTERISTICS 

There  are  many  parameters  that  are  used  to 
characterize  night  vision  goggles.  This  section  of 


the  paper  discusses  a  large  number  of  these 
parameters  and  how  they  relate  to  vision.  Table 
8  is  a  list  of  these  parameters. 


Table  8.  NVG  Design  Parameters 


Field-of-view 

Signal-to-noise  ratio 

Image  quality 

Luminance  uniformity 

Exit  pupil  size 

Luminance  level 

Eye  relief 

Luminance  gain 

Image  location 

Beamsplitter  ratio 

Magnification 

Fixed  pattern  noise 

Image  rotation 

Binocular  parameters 

Distortion 

Optical  axes  alignment 

Field-of-View 


Probably  the  first  parameter  that  most  people 
are  concerned  with  in  an  NVG  is  the  field-of-view 
(FOV).  The  FOV  is  the  angular  subtense  of  the 
virtual  image  displayed  to  the  wearer.  This  is 
typically  expressed  in  degrees  for  both  the 
vertical  and  horizontal  dimensions,  or  for  the 
diameter  of  the  FOV  if  it  is  circular.  Another 
practical  problem  is  the  trade-off  with  resolution 
(image  quality).  The  image  intensifier  has  a 
finite  number  of  picture  elements  (pixels).  As 
the  FOV  is  increased  these  pixels  are  spread  over 
a  larger  angular  expanse  resulting  in  a  larger 
angular  subtense  per  pixel  which  corresponds  to 
a  lower  angular  resolution  to  the  observer. 
(Note:  this  is  an  oversimplification  of  this  trade¬ 
off  since  image  quality  is  more  complex  than  the 
concept  of  pixels  implies  but  the  general 
direction  of  the  trade-off  is  the  same;  larger  FOV 
means  lower  visual  resolution). 

The  total  NVG  FOV  can  be  made  larger  by 
making  the  FOV  of  each  ocular  of  a  binocular  NVG 
partially  overlap  the  other.  The  visual  effects  of 
partial  overlap  may  outweigh  the  value  of  the 
extended  horizontal  FOV  if  the  overlap  is  too 
little.  At  least  one  study  suggests  that  there  is 
little  performance  difference  between  100% 
overlap  and  80%  overlap  for  visual  recognition 
performance  (Landau,  1990)  implying  that  an 
80%  overlap  binocular  NVG  may  be  a  good 
compromise  between  the  need  for  larger  FOV 
without  impacting  visual  performance. 

Image  Quality 

Image  quality  is  a  complex  subject  that 
involves  several  other  parameters  (Task,  1979). 
Probably  the  key  indicator  of  image  quality  is  the 
modulation  transfer  function  (MTF)  of  the  display 
which  describes  how  much  contrast  is  available 
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as  a  function  of  spatial  frequency  (detail).  Two 
parameters  related  to  the  MTF  are  gray-ahades 
(contrast)  and  resolution  (maximum  spatial 
frequency  that  can  be  seen  or  'resolved”).  For 
simplicity,  the  resolution  of  a  display  relates  to 
the  number  of  pixels.  As  noted  earlier,  the 
resolution  tends  to  decrease  as  FOV  increases 
which  implies  that  image  quality  also  decreases 
with  increasing  FOV;  another  trade-off  of  two 
desirable  attributes. 

There  are  some  practical  problems  in 
measuring  the  resolution  of  the  NVGs.  The 
simplest  approach  to  measuring  resolution  is  to 
have  a  trained  observer  look  through  the  NVGs  at 
a  calibrated  test  pattern  under  controlled  lighting 
conditions.  However,  the  results  obtained  still 
depend  on  the  visual  capability  of  the  observer 
and  on  the  type  of  test  pattern  used.  Probably 
the  most  popular  test  pattern  for  determining 
resolution  is  the  USAF  1951  Tri-Bar  resolution 
pattern.  Others  that  have  been  used  include  a 
Landolt  'C,*  a  tumbling  'E,'  a  standard  Snellen 
chart,  sine-wave  gratings  and  more  recently  a 
test  pattern  made  up  of  patches  of  square-wave 
gratings  of  different  spatial  frequencies  (US  Pat 
No.  4,607,923).  These  different  approaches 
yield  somewhat  different  results. 

It  should  also  be  noted  that  the  resolutions 
listed  in  the  previous  tables  were  all  for  ideal 
lighting  conditions.  As  the  light  level  is 
significantly  reduced  the  resolution  of  the  NVGs 
drops  considerably  (20/200  Snellen  acuity  or 
lower). 

Exit  PuDil 

Most  NVGs  do  not  have  a  real  exit  pupil  since 
they  do  not  use  relay  optics.  The  exit  pupil  is  the 
image  of  the  stop  of  the  optical  system.  An  exit 
pupil  is  formed  as  a  result  of  using  relay  optics 
to  produce  an  intermediate  image  plane  which  is 
then  viewed  by  an  eyepiece  lens.  This  is  in 
contrast  to  a  simple  magnifier  optical  system 
which  uses  a  single  lens  system  (no  intermediate 
image)  and  therefore  does  not  produce  a  real  exit 
pupil.  In  a  darkened  room  with  the  NVG  activated 
the  exit  pupil  can  be  observed  by  placing  a  piece 
of  white  paper  near  the  designed  eye  position.  If 
the  NVG  forms  a  real  exit  pupil  then  a  circular 
spot  of  light  will  be  observed  imaged  on  the 
paper.  As  the  paper  is  moved  closer  to  and 
further  away  from  the  optical  system  there  is  a 
point  at  which  the  disc  of  light  has  a  minimum 
diameter  with  sharply  defined  edges.  The 
diameter  of  this  disk  of  light  is  the  diameter  of 
the  exit  pupil  of  the  system  (Self,  1973). 


When  the  eye  pupil  is  fully  within  the  exit  pupil 
of  the  NVG  then  the  entire  FOV  is  observed;  if  the 
eye  pupil  is  only  partially  in  the  exit  pupil  (and 
the  exit  pupil  is  unvignetted)  then  the  observer 
will  still  see  the  entire  FOV  but  it  will  be  reduced 
in  brightness.  This  can  be  particularly 
disconcerting  for  NVGs  used  in  high  performance 
aircraft  because  the  pilot  may  not  know  whether 
he  is  starting  to  lose  the  exit  pupil  or  if  he  is 
starting  to  get  visual  'grey  out”  from  high 
acceleration  maneuvers.  Once  the  eye  pupil  is 
outside  the  exit  pupil  then  none  of  the  NVG  FOV 
can  be  seen.  It  should  also  be  noted  that  the  NVG 
FOV  may  become  vignetted  (lose  part  of  the 
image)  if  the  eye  pupil  is  too  close  to  or  too  far 
away  from  the  exit  pupil. 

From  a  visual  capability  standpoint  it  is 
important  for  the  exit  pupil  to  be  as  large  as 
possible  to  ensure  the  eye  pupil  will  remain 
within  it  to  permit  viewing  of  the  NVG. 
However,  large  exit  pupils  typically  come  only  at 
the  expense  of  greater  size  of  optics  and  weight 
on  the  head.  In  addition,  if  the  FOV  is  very  large 
then  the  eye  must  rotate  to  view  the  edge  of  the 
display.  Since  the  eye  rotates  about  a  point 
within  the  eye,  the  eye  pupil  moves  within  the 
NVG  exit  pupil.  If  the  NVG  exit  pupil  is  not  large 
enough  then  it  is  possible  for  the  entire  display  to 
disappear  every  time  the  observer  tries  to  move 
his  eyes  to  view  the  edge  of  the  display.  Exit- 
pupil-forming  optical  systems  also  increase  the 
difficulty  of  making  accurate  adjustments  for 
binocular  or  biocular  NVGs  in  that  each  eye  pupil 
should  be  centered  in  each  exit  pupil  of  the  NVGs. 

Eve  Relief 

The  eye  relief  is  the  distance  from  the  exit 
pupil  to  the  nearest  part  of  the  NVG  optical 
system.  If  the  NVG  is  non-pupil-forming  then  the 
eye  relief  is  the  distance  from  the  NVG  optical 
system  to  the  furthest  back  position  of  the  eye 
where  the  eye  can  still  see  the  entire  FOV  of  the 
Nva 

As  with  so  many  other  NVG  parameters,  larger 
eye  relief  usually  means  larger  and  heavier 
optics.  The  reason  for  having  a  large  eye  relief 
is  to  allow  the  use  of  eyeglasses  with  the  NVG 
(Self,  1973;  Task  et  al,  1980). 

Image  Location  footical  image  distancel 

All  NVGs  produce  a  virtual  image  which  is 
viewed  by  the  observer.  The  virtual  image  is 
produced  at  an  optical  distance  that  depends  on 
the  adjustment  of  the  eyepiece  (if  the  NVG  has  an 
adjustable  eyepiece).  For  NVGs  that  do  not  have 
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an  adjustable  eyepiece  the  virtual  image  is 
typically  adjusted  for  near  infinity.  The 
adjustable  eyepiece  was  provided  to  allow  the 
wearer  to  set  his  eyeglass  prescription 
(spherical  power)  on  the  eyepiece  so  he  would 
not  require  eyeglasses  to  see  the  NVG  image 
clearly. 

Luminance  Level 

The  luminance  of  the  NVG  image  depends  both 
on  the  luminance  of  the  image  source  and  the 
transmission  efficiency  of  the  optical  system 
(note:  it  does  NOT  depend  on  the  amount  of 
magnification  since  it  produces  a  virtual  image). 
For  NVGs  that  use  a  combiner  the  NVG  image 
luminance  level  also  depends  on  the  combiner 
(beamsplitter)  reflectance  and  transmittance 
coefficients. 

Binocular  Paramgters 

There  are  several  other  parameters  that 
become  important  if  the  NVG  is  binocular.  These 
include  inter-pupillary  distance  (IPO-the  distance 
between  the  exit  pupils  of  the  two  oculars), 
image  alignment  between  the  two  oculars, 
luminance  balance,  magnification  balance,  and 
image  rotation  balance. 

There  are  several  undesirable  visual  effects 
that  may  occur  in  binocular  NVGs.  These  include 
binocular  disparity  (retinal  rivalry)  due  to 
luminance  imbalance,  image  misalignment, 
accommodation  differences,  and/or  differential 
distortion.  When  binocular  disparity  is 
sufficiently  severe  the  observer  may  see  double 
images  or  may  suppress  one  of  the  two  disparate 
images.  A  more  insidious  problem  is  when  the 
binocular  disparity  is  not  large  enough  to  cause  a 
loss  of  image  fusion  but  is  enough  to  result  in 
”eye  strain*  or  visual  fatigue.  This  can  lead  to 
headache  or  nausea  during  extended  use  but  may 
not  show  any  effects  for  short  term  use. 

There  have  been  some  efforts  to  define  the 
limits  for  these  types  of  parameters  (Self,  1973 
and  1986;  Landau,  1990). 

Luminance  and  luminance  gain 

In  most  of  the  literature  relating  to  NVGs  these 
parameters  are  usually  referred  to  as  brightness 
and  brightness  gain.  However,  since  luminance  is 
what  one  measures  and  brightness  is  the  visual 
sensation  that  one  sees  it  is  more  appropriate  to 
use  the  terms  luminance  and  luminance  gain  for 
these  parameters. 


Night  vision  goggles  are  essentially  light 
amplifiers,  they  cannot  work  in  complete 
darkness.  However,  they  do  have  a  different 
spectral  sensitivity  than  the  human  eye  which 
makes  the  concept  of  luminance  gain  a  little  more 
difficult  to  define.  For  example,  the  eye  cannot 
see  light  at  900  nanometers  but  the  NVGs  are 
very  sensitive  to  light  in  this  wavelength  range. 
Since  luminance  gain  is  the  ratio  of  output 
luminance  to  input  luminance  and  since  luminance 
is  only  defined  for  the  spectral  sensitivity  of  the 
eye,  it  is  possible  to  obtain  an  infinite  luminance 
gain  for  a  900  nanometer  input  source  (i.e.  the 
luminance  of  any  amount  of  light  at  900 
nanometers  is  zero  since  the  eye  is  not  sensitive 
to  this  wavelength  but  this  will  produce  a  non¬ 
zero  output  luminance;  dividing  output  by  the 
input  results  in  dividing  by  zero  producing  an 
infinite  gain).  To  overcome  this  problem  it  is 
necessary  to  define  a  specific  spectral 
distribution  for  the  input  light  source  which  does 
have  a  non-zero  luminance.  A  blackbody  radiator 
at  2856K  was  selected  since  it  is  a  standard 
lamp  source  and  has  a  spectrum  that  closely 
approximates  night  sky  illumination.  This  is  the 
same  standard  source  that  was  selected  by  the 
US  Army  for  measurement  of  the  image 
intensifier  tubes  that  are  contained  within  the 
NVGs. 

The  luminance  gain  is  usually  measured  for  a 
specific  input  luminance  since  the  gain  can  ch2mge 
with  input  level.  The  luminance  output  is 
measured  on  axis  at  the  highest  input  luminance. 

Luminance  uniformity 

Due  to  the  fiber  optics  and  light  fall-off  with 
angle  typical  of  lens  systems  the  central  part  of 
the  field-of-view  of  the  NVG  image  is  usually  of 
higher  luminance  than  the  edge  of  the  FOV.  This 
is  measured  by  scanning  with  a  photometer 
across  the  entire  FOV  to  obtain  a  luminance 
profile  of  the  NVG  image.  Uniformity  can  be 
specified  by  comparing  the  luminance  at  the 
center  of  the  FOV  with  the  luminance  at  a 
specified  off-axis  angle  (e.g.  18  degrees  off  axis 
for  the  40  degree  FOV  NVG).  The  uniformity  is 
then  expressed  as  a  ratio  of  center  luminance  to 
edge  luminance  (e.g.  3:1). 

Distortion,  image  rotation,  magnification.  _and 
input/output  optical  axes  alignment 

These  four  parameters  are  grouped  together 
because  they  can  be  measured  using  the  same 
basic  set-up  and  data.  The  different  quantities 
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are  obtained  by  performing  different  anaiyses  on 
the  data. 

Distortion  is  probabiy  the  most  difficult 
parameter  because  there  are  several  types  of 
distortion  that  the  NVGs  may  incur.  The  optical 
system  may  cause  barrel  or  pincushion  distortion 
and  the  fiber  optics  twister  (which  is  in  many  but 
not  all  NVG  designs)  may  produce  shear  effects 
or  ’S”  distortion.  Of  all  of  these,  the  procedure 
herein  described  is  primarily  directed  at  the  ”S” 
distortion  although  evidence  of  shear  and  barrel 
distortion  may  also  be  detected.  *S*  distortion 
originates  in  the  fiber  optics  plug  which  is  used 
to  invert  the  image  on  the  image  intensifier.  The 
fused  fiber  optics  plug  is  heated  and  twisted 
approximately  180  degrees.  The  'S*  distortion 
is  so  named  because  there  is  usually  a  small 
amount  of  residual  effect  due  to  the  twist  that 
produces  an  *S*  shaped  curve  for  a  straight  line 
input.  The  more  the  line  departs  from  a  straight 
line  the  worse  the  distortion. 

As  noted  above,  the  fiber  optics  plug  is  twisted 
through  approximately  180  degrees  but  may  be 
somewhat  more  or  less  than  a  true  180  degree 
twist.  Any  departure  from  a  perfect  180  twist 
will  result  in  the  output  image  rotated  compared 
to  the  input  image.  This  effect  may  also  be 
enhanced  by  inaccurate  alignment  of  mirrors  in  a 
folded  optical  system. 

Most  NVGs  are  designed  to  have  unity 
magnification.  However,  if  there  is  a  mismatch 
between  the  objective  lens  of  the  NVG  and  the 
eyepiece  lens  it  is  possible  to  have  a  small 
amount  of  magnification  (or  minification). 

Since  the  combination  of  objective  lenses, 
folding  optics,  image  intensifier  and  eyepiece 
lenses  is  relatively  complex,  it  is  possible  to 
have  a  mismatch  between  the  input  optical  axis 
and  the  output  optical  axis.  Thus  objects  that  are 
at  a  particular  field  angle  in  reality  may  appear 
at  a  different  field  angle  through  the  NVGs. 

Many  of  these  effects  discussed  are  typically 
not  a  significant  problem  by  themselves  or  for  a 
single  ocular.  But  the  combination  of  a  small 
amount  of  distortion,  rotation,  magnification 
and/or  misalignment  in  one  ocular  with  a 
different  amount  (and  direction)  of  these  effects 
in  the  other  ocular  may  result  in  a  significant 
binocular  rivalry  problem. 

A  complete  description  of  the  procedures  for 
measuring  these  parameters  is  beyond  the  scope 
of  this  paper  but  can  be  found  in  Task  et  al 
(1989). 


Signal-to-Noise  Ratio 

Typically  the  signal-to-noise  ratio  (SNR)  is  not 
specified  or  measured  for  the  NVG  as  a  whole  but 
rather  is  specified  as  a  parameter  of  the  image 
intensifier  tube  by  itself.  The  SNR  is  a  measure 
of  how  much  scintillation  appears  in  the  NVG. 
The  lower  the  SNR  the  noisier  the  image  looks 
and  the  poorer  the  image  appears.  The  details  of 
measuring  SNR  are  beyond  the  scope  of  this 
paper;  suffice  to  state  that  in  general,  observed 
resolution  is  poorer  for  lower  SNR  tubes 
(Riegler,  et.  al.;  1991). 
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COCKPIT/NVG  VISUAL  INTEGRATION  ISSUES 
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SUMMARY 


This  paper  is  divided  into  two  main  sections; 
Visual  significance  of  Night  Visision  Goggles  (NVG) 
characteristics  and  Cockpit/NVG  integration 
issues.  The  first  section  deals  with  the 
relationship  between  the  NVG  characteristics 
discussed  in  the  previous  paper  and  visual 
capability.  The  second  section  explores  several 
issues  associated  with  successfully  integrating  the 
NVG  with  the  aircraft  cockpit  for  optimum  system 
performance. 

VISUAL  SIGNIFICANCE  OF  NVG  CHARACTERISTICS 

Table  1  is  a  listing  of  the  NVG  parameters 
discussed  in  the  previous  paper  paired  with  the 
visual  parameter  that  it  is  most  closely  related  to. 
Each  of  these  is  discussed  in  the  following 
sections. 

Table  1.  NVG  and  Vision  Parameters. 


NVG  PARAMETERS  VISION  PARAMETERS 


Field-of-view 
Image  quality 
Exit  pupil  size 
Eye  relief 

Image  location  (focus) 
Luminance  level 
Luminance  gain 
Luminance  uniformity 
Beamsplitter  ratio 
Distortion 
Magnification 
Input/output  align. 
Image  rotation 
Fixed  pattern  noise 
Signal-to-noise  ratio 


Visual  field 
Visual  acuity 
Eye  pupil  diameter 
Eyeglasses 
Accommodation 
Brightness 
Visual  acuity 
Image  perception 
Image  perception 
Image  perception 
Binocular  effects 
Binocular  effects 
Binocular  effects 
Masking/distraction 
Visual  acuity 


Field-of-View  (FOVf 

The  visual  parameter  that  corresponds  to  the 
NVG  FOV  is  the  human  eye's  visual  field  which  is 
approximately  200  degrees  horizontally  and  120 
degrees  vertically  (Wells  et  al,  1989).  However, 


this  is  somewhat  misleading  since  the  visual 
acuity  over  this  range  is  quite  varied.  Only  the 
central  3-5  degrees  provides  high-acuity  vision; 
the  visual  acuity  drops  off  quite  rapidly  outside  of 
this  area.  This  means  that  for  a  40  degree  FOV 
NVG  some  of  the  resolution  on  the  display  is  not 
being  used  by  the  visual  system;  but  the  'extra” 
FOV  is  important  for  providing  peripheral  vision 
information. 

The  total  FOV  may  be  increased  by  partially 
overlapping  the  two  NVG  oculars  as  noted  in  the 
previous  paper.  At  least  one  study  suggests  that 
there  is  little  performance  difference  between 
100%  overlap  and  80%  overlap  for  visual 
recognition  performance  (Landau,  1990)  implying 
that  an  80%  overlap  binocular  NVG  may  be  a  good 
compromise  between  the  need  for  larger  FOV 
without  impacting  visual  performance.  However, 
in  real  NVG  oculars  there  are  other  factors  that 
may  produce  undesirable  binocular  effects  in  the 
overlap  region.  If  the  oculars  have  a  signficant 
center  to  edge  luminance  non-uniformity  then  this 
could  result  in  a  binocular  luminance  imbalance  for 
parts  of  the  overlap  image  region.  Barrel  or 
pincushion  distortion  may  not  be  noticeable  for 
fully  overlapped  oculars  but  if  they  are  only 
partially  overlapped  then  the  distortion  may  result 
in  a  mismatch  between  corresponding  points  in  the 
two  oculars  (Self,  1986)  producing  binocular 
rivalry. 

Image  Quality 

The  visual  parameter  corresponding  to  image 
quality  (resolution  &  contrast)  is  visual  acuity. 
Normal  visual  acuity  for  the  human  eye  is 
approximately  one  minute  of  arc  for  high  contrast, 
brightly  lit  targets.  However,  this  acuity  is 
reduced  for  lower  light  levels  such  as  those  found 
in  the  NVG  display  (maximum  of  about  1  to  2  foot- 
Lamberts  with  typical  operational  luminances 
much  lower).  If  one  were  to  match  the  display 
image  quality  to  the  human  eye,  a  first  order 
design  might  result  in  a  pixel  on  the  display 
subtending  an  angle  of  one  minute  of  arc.  For  an 
image  source  consisting  of  500  by  500  pixels,  this 
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would  mean  an  angular  subtense  of  the  entire 
display  of  500  minutes  of  arc,  or  500/60  >  8.3 
degrees.  While  this  NVG  might  result  in  good 
image  quality  to  the  human  eye,  it  would  be  an 
extremely  small  display.  Most  NVGs  provide  a 
FOV  that  results  in  an  angular  resolution  larger 
than  one  minute  of  arc  suggested  by  human  visual 
acuity. 

Exit  Pupil 

When  the  eye  pupil  is  fully  within  the  exit  pupil 
of  the  NVG  then  the  entire  FOV  is  observed;  if  the 
eye  pupil  is  only  partially  in  the  exit  pupil  (and  the 
exit  pupil  is  unvignetted)  then  the  observer  will 
still  see  the  entire  FOV  but  it  will  be  reduced  in 
brightness.  This  can  be  particularly  disconcerting 
for  NVGs  used  in  high  performance  aircraft 
because  the  pilot  may  not  know  whether  he  is 
starting  to  lose  the  exit  pupil  or  if  he  is  starting  to 
lose  consciousness  from  high  acceleration 
maneuvers.  Once  the  eye  pupil  is  outside  the  exit 
pupil  then  none  of  the  NVG  FOV  can  be  seen.  It 
should  also  be  noted  that  the  NVG  FOV  may  become 
vignetted  (lose  part  of  the  image)  if  the  eye  pupil 
is  too  close  to  or  too  far  away  from  the  exit  pupil. 

From  a  visual  capability  standpoint  it  is 
important  for  the  exit  pupil  to  be  as  large  as 
possible  to  ensure  the  eye  pupil  will  remain  within 
it  to  permit  viewing  of  the  NVG.  However,  large 
exit  pupils  typically  come  only  at  the  expense  of 
greater  size  of  optics  and  weight  on  the  head.  In 
addition,  if  the  FOV  is  very  large  then  the  eye 
must  rotate  to  view  the  edge  of  the  display.  Since 
the  eye  rotates  about  a  point  within  the  eye,  the 
eye  pupil  moves  within  the  NVG  exit  pupil.  If  the 
NVG  exit  pupil  is  not  large  enough  then  it  is 
possible  for  the  entire  display  to  disappear  every 
time  the  observer  tries  to  move  his  eyes  to  view 
the  edge  of  the  display.  Exit-pupil-forming  optical 
systems  also  increase  the  difficulty  of  making 
accurate  adjustments  for  binocular  or  biocular 
NVGs  in  that  each  eye  pupil  should  be  centered  in 
each  exit  pupil  of  the  NVG. 

EY9  Reliflf 

As  with  so  many  other  NVG  parameters,  larger 
eye  relief  usually  means  larger  and  heavier  optics. 
The  reason  for  having  a  large  eye  relief  is  to  allow 
the  use  of  eyeglasses  with  the  NVG  (Self,  1973; 
Task  et  al,  1980).  The  eyeglasses  may  be  for 
visual  correction,  eye  protection  or  both. 


Image  Location 

In  order  to  obtain  good  image  quality  the  eye 
lens  must  focus  at  the  same  optical  distance  as  the 
virtual  image  produced  by  the  eyepiece.  For  young 
eyes  which  have  a  fairly  large  accommodative 
range  there  is  a  tendency  to  set  the  focus  (for 
NVGs  that  have  eye-lens  diopter  adjustment)  so 
that  the  image  is  too  near.  The  image  may  look 
clear  but  long  term  wear  of  the  NVGs  with  the 
image  at  a  close  distance  may  lead  to  visual 
fatigue.  For  night  operations  it  makes  sense  to 
have  the  NVG  image  focussed  at  the  same  distance 
as  the  aircraft  panel  instruments  to  minimize  the 
time  required  to  visually  switch  between  looking 
at  the  NVG  and  looking  at  flight  instruments. 

Luminance  Level 

Brightness  is  the  visual  sensation  or  perception 
that  corresponds  to  luminance.  The  luminance 
level  has  a  significant  effect  on  the  pupil  diameter 
of  the  eye;  a  higher  light  level  means  a  smaller 
pupil  diameter  and  vice  versa.  The  visual  acuity 
of  the  human  eye  also  varies  with  eye  pupil 
diameter  (Farrell  &  Booth,  1984).  However,  for 
NVG  applications  the  luminance  must  be  kept 
reasonably  low  to  match  cockpit  lighting  levels  for 
night  operations.  Thus  the  resolution  observed  on 
the  NVG  may  well  be  a  result  of  a  combination  of 
the  inherent  resolution  of  the  NVG  and  the  limits  of 
visual  acuity  of  the  eye  at  low  light  levels. 

Luminance  gain 

There  isn't  a  direct  visual  analog  to  luminance 
gain.  However,  the  higher  the  gain  of  an  NVG  for  a 
given  ambient  lighting  level  then  the  higher  the 
output  luminance,  which  should  result  in  higher 
visual  acuity.  A  study  by  Levine  and  Rash  (1989) 
stated  that  an  80%  reduction  in  output  luminance 
(equivalent  to  an  80%  reduction  in  gain)  by  using  a 
filter  did  not  result  in  a  statistically  significant 
reduction  in  visual  acuity.  However,  for  starlight 
conditions  their  data  showed  a  37  percent 
reduction  in  visual  acuity  (not  statistically 
significant)  which  is  a  rather  substantial  loss. 

Luminance  uniformity 

Luminance  uniformity  is  probably  not  a  critical 
factor  for  visual  performance  or  acceptance 
providing  the  luminance  variation  is  gradual  and 
not  excessive.  A  ratio  of  3:1  center  to  edge 
luminance  variation  in  NVGs  is  not  unusual. 

However,  if  the  two  NVG  oculars  are  used  in  a 
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partial  overlap  mode  to  increase  the  horizontal 
FOV  then  the  luminance  uniformity  might  be  of 
more  concern  since  this  would  produce  a  binocular 
luminance  mismatch  between  the  two  eyes. 

Distortion,  image  rotation,  maonification.  and 
input/  output  optical  axes  alignment 

These  four  geometric  mapping  parameters  are 
grouped  together  since,  with  the  exception 
perhaps  of  distortion,  they  are  aii  primariiy  a 
problem  only  for  binocular  systems.  If  a 
monocular  image  is  slightly  rotated,  or  slightly 
different  from  unity  magnification  or  slightly 
shifted  in  position  (optical  axes  alignment)  it 
really  doesn't  affect  the  visual  system.  However, 
if  the  image  in  one  eye  is  rotated  relative  to  the 
image  in  the  other  eye  at  soma  point  the  amount  of 
rotation  is  sufficient  to  cause  the  visual  system  to 
be  unable  to  fuse  the  two  images.  This  could  result 
in  double  images  or  in  suppression  of  one  of  the 
images.  Similar  effects  occur  if  there  is  a 
mismatch  between  the  two  eyes  due  to  distortion, 
magnification,  or  image  position  differences 
between  the  two  oculars. 

There  may  also  be  a  less  obvious  effect  due  to 
geometric  image  mismatch.  If  the  differences  are 
not  sufficient  to  cause  image  suppression  or  double 
imaging  they  still  may  be  sufficient  to  cause  eye 
fatigue,  nausea,  and  or  headaches  when  these 
slightly  disparate  images  are  viewed  for  a  long 
period  of  time. 

In  addition,  the  distortion  effects  may  produce 
undesirable  illusions  or  image  motion  for  dynamic 
viewing  situations  (such  as  landing). 

These  four  parameters  need  to  be  specified 
based  on  their  effects  on  binocular  vision  and  not 
on  their  individual  monocular  effects. 

Signal-to-noise  ratio  fSNRI 

SNR  primarily  affects  visual  acuity.  Riegler  et. 
al.  (1991)  published  a  study  showing  the  effect  of 
SNR  level  on  visual  acuity  for  different  luminance 
levels  and  contrasts  using  NVGs.  Four  PVS-7 
image  intensifier  tubes  were  used  that  ranged  in 
value  from  a  SNR  of  1 1 .37  to  1 7.92.  As  might  be 
expected  the  largest  visual  acuity  differences 
were  due  to  changes  in  contrast  of  the  targets  and 
light  level.  However,  there  was  a  significant 
effect  due  to  the  SNR  of  the  tubes.  The  increase  in 
visual  acuity  going  from  a  SNR  of  11.37  to  17.92 
depended  on  the  contrast  and  lighting  conditions. 

For  the  low  contrast  (20%),  low  luminance  (1% 
moon)  the  improvement  in  visual  acuity  was  about 
27%  for  the  higher  SNR  tube.  But  for  the  high 


contrast  (95%)  high  luminance  (25%  moon)  the 
improvement  was  only  about  10%. 

Beamsplitter  fcombinerl  ratio 

The  NVG  beamsplitter  (if  one  is  used)  is  not 
designed  to  superimpose  the  NVG  image  on  the  real 
world  scene  but  rather  is  intended  to  permit  direct 
viewing  of  the  aircraft  HUD  undegraded  by  the 
image  intensifier  system.  This  is  accomplished  by 
turning  the  NVGs  off  when  viewing  the  HUD  and 
turning  them  back  on  when  viewing  through  the 
windscreen  (the  on/off  switching  is  done 
automatically).  But,  as  its  name  implies,  the 
beamsplitter  splits  the  light  so  that  there  is  a 
reduction  in  luminance  coming  from  the  HUD  (due 
to  the  transmission  coefficient  of  the 
beamsplitter)  and  a  reduction  in  luminance  coming 
from  the  image  intensifier  (due  to  the  reflection 
coefficient  of  the  beamsplitter).  In  general  the 
reflection  and  transmission  coefficients  must  add 
up  to  a  number  less  than  one  (assuming  the 
beamsplitter  coating  is  neutral  with  respect  to 
wavelength).  This  results  in  a  direct  trade-off; 
higher  transmission  means  the  HUD  will  be  easier 
to  see  but  also  means  lower  reflection  coefficient 
which  results  in  a  lower  NVG  scene  luminance.  For 
best  results  the  beamsplitter  probably  cannot 
vary  too  much  from  a  50-50  split  (same 
transmission  and  reflection  coefficient). 

Fixed  pattern  noise 

This  parameter  primarily  refers  to  the  visible 
structure  of  the  fiber  optics  twister  or  faceplate 
(if  fiber  optics  are  used  in  the  image  intensifier 
tube).  The  fiber  optics  production  method  results 
in  a  hexagonal  pattern  (also  called  ’chicken  wire* 
for  this  reason)  that  may  become  visible  under 
higher  lighting  conditions.  This  acts  as  a 
distraction  or  masking  pattern  when  trying  to 
observe  the  NVG  image.  At  present  there  is  not  a 
good  means  of  quantifying  this  parameter  and  little 
data  on  the  significance  of  this  parameter  with 
respect  to  visual  performance.  Typical 
specifications  state  that  the  ’chicken  wire’  shall 
not  be  objectionable. 

cxxa<prr/NVG  integration  issues 

Since  NVGs  do  not  attach  to  any  part  of  the 
aircraft  it  is  usually  assumed  (incorrectly)  that 
there  really  are  no  integration  issues.  In  fact 
there  are  several  potential  integration  problems  a 
few  of  which  are  described  herein. 
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Cockpit  Kahtinq 

One  of  the  earliest  and  most  obvious  NVG  cockpit 
integration  probiems  was  the  incompatibility  of 
the  NVGs  with  standard  cockpit  lighting.  Most 
cockpit  lighting  is  produced  by  incandescent  buft)s 
filtered  to  produce  red.  white  or  blue-white 
lighting  (depending  on  aircraft)  for  unaided  night 
flying.  The  filtered  incandescent  lights,  however, 
emit  tremendous  amounts  of  near  infra-red  energy 
to  which  the  NVGs  are  very  sensitive  (700nm  to 
900nm).  This  produces  considerable  light  pollution 
in  the  cockpit  for  the  NVGs.  The  result  is  much 
iike  sitting  in  a  well-lit  room  trying  to  look  outside 
at  night;  the  reflected  light  from  the  window  is  far 
greater  than  the  meager  light  from  outside  coming 
through  the  window  so  one  only  sees  the  room 
reflections  in  the  window  instead  of  outside. 

Several  techniques  have  been  developed  to 
reduce  or  eliminate  this  problem  (Holly,  1980; 
Task  &  Griffin,  1982;  Mil  Specification  Mil-L- 
85762).  These  techniques  include  using  filters  to 
remove  the  near  inira-red,  using  baffles  to 
redirect  the  light  away  from  the  windscreen,  and 
using  alternate  lighting  sources  such  as  electro¬ 
luminescent  lighting  (which  has  a  very  low  infra¬ 
red  component).  It  should  be  noted  that  just 
filtering  the  incandescent  light  and  making  it  blue- 
green  does  NOT  mean  that  the  filter  has  removed 
the  offending  infra-red  light.  Many  plastic  filters 
that  make  the  irwandescent  lighting  appear  blue- 
green  are  almost  totally  transparent  in  the  700- 
900  nm  range  so  one  must  be  careful  in  selecting 
filters  for  this  purpose. 

The  phrase  "NVG  compatible*  when  referring  to 
aircraft  interior  and  exterior  lighting  has  taken  on 
at  least  two  meanings.  There  is  no  question  that 
the  Mil-L-85762  lighting  specification  intent  is  to 
insure  that  the  cockpit  is  illuminated  with  light 
that  is  visible  to  the  unaided  eye  but  is  as  invisible 
as  possible  to  the  NVGs.  In  the  case  of  exterior 
lighting  it  is  desirable  to  have  lighting  that  is 
visible  through  the  NVGs  and  to  the  unaided  eye  but 
insure  that  it  does  not  ’overpower*  the  NVGs. 

Yet  a  third  meaning  of  *NVG  compatible*  is  for 
the  light  source  to  be  visible  ONLY  to  the  NVGs  and 
not  to  the  unaided  eye  such  as  in  aircraft  landing 
lights  for  covert  operations.  Given  these  different 
interpretations  of  the  phrase  *NVG  compatibie*  it 
is  recommended  that  one  be  explicit  in  defining 
exactly  what  level  of  NVG  visibility  is  desired. 

Aircraft  head-uo  display 

Here  again  is  another  area  in  which  *NVG 
compatible*  is  ill-defined.  For  some  applications  it 
may  be  desirable  to  be  able  to  see  the  HUD  image 


through  the  NVG  image  intensifier  system  (for 
non-beamsplitter  NVGs)  in  which  case  one  would 
like  the  NVGs  to  be  able  to  *sae*  the  light  from  the 
HUO.  For  other  applications  where  the  NVG  has  a 
con^ner  for  viewing  the  HUD  directly  it  is 
desirable  to  have  the  NVG  be  totally  insensitive  to 
the  HUD  image  to  prevent  double  imaging  (direct 
view  and  NVG  view).  A  further  concern  with  some 
recent  NVG  designs  is  that  the  objective  lens  of 
die  NVG  may  not  be  located  in  a  p  eition  where  it 
can  see  the  HUD. 

If  the  NVGs  are  to  be  used  to  view  the  HUO 
symbology  then  the  symbol  sizes  need  to  be 
sufficiently  large  so  ^at  the  resolution  of  the 
NVGs  can  stiil  permit  the  pilot  to  easily  read  the 
symbols.  This  means  the  HUD  symbol  sizes  should 
be  absolutely  no  smaller  that  20/60  (15  minutes 
of  arc)  and  preferably  larger. 

Another  issue  of  NVG  and  HUD  compatibility  is 
the  transmission  coefficient  of  the  HUD  combiner. 
The  HUD  image  is  produced  by  reflection  from  a 
combiner  located  directly  in  front  of  the  pilot. 

This  combiner  therefore  reduces  the  aunount  of 
light  that  is  available  for  NVG  viewing  when 
looking  through  the  combiner  (even  with  the  HUD 
off)  due  to  the  transmission  coefficient  of  the 
combiner.  The  transmission  coefficient  may  be 
50%  or  less  which  means  the  scene  viewed 
through  the  combiner  will  appear  significantly 
darker  that  looking  around  the  combiner.  If  the 
HUD  is  *on*  it  is  even  more  difficult  to  view 
through  the  HUD  due  to  the  radiance  of  the  HUD 
symbology. 

Aircraft  windscreen 

There  are  several  separate  integration  issues 
associated  with  the  aircraft  windscreen.  The 
most  obvious  is  the  spectral  transmission  of  the 
windscreen.  Most  windscreens  are  designed  with 
the  visible  wavelengths  (400-700nm)  in  mind. 
Some  windscreens  do  absorb  light  in  the  very  near 
infra-red  where  the  NVGs  are  most  sensitive 
(700-900nm).  This  can  significantly  reduce  the 
effective  gain  of  the  NVGs.  Transmission 
coefficients  for  windscreens  measured  at  their 
installed  angle  can  range  from  70%  down  to  20% 
or  less  depending  on  the  aircraft  and  viewing  angle 
through  the  windscreen.  As  the  viewing  angle  is 
steeper  (toward  the  lower,  forward  part  of  the 
windscreen)  the  percent  transmission  is  lower. 

This  is  unfortunate  since  for  many  applications 
this  is  the  part  of  the  windscreen  that  is  most 
critical  for  air-ground  target  acquisition  and 
landing. 

Another  area  of  integration  concern  has  to  do 
with  the  aperture  of  the  NVG  objective  lens.  When 
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a  pilot  views  through  a  windscreen  with  unaided 
vision  his  eye  pupil  is  on  the  order  of  2  to  4  mm  in 
diameter  (daylight  through  early  evening  lighting). 
Thick,  curved,  plastic  windscreens  don't  affect 
the  pilot's  visual  acuity  because  his  eye  pupil  is 
relatively  small  (ray  bundle  sizes  are  limited  by 
the  pupil).  However,  if  a  larger  size  aperture  is 
used  for  imaging  (such  as  an  NVG  objective  lens) 
then  the  size  of  the  windscreen  over  which  the 
wavefront  adierrations  are  averaged  is  larger  and 
the  potential  for  reduced  clarity  is  greater.  This 
is  typically  not  a  problem  for  flat  glass  or  thin 
glass  windscreens  but  for  the  more  recent  bird- 
strike  resistant  windscreens  made  of  curved 
plastic  it  is  a  very  real  concern.  The  effect  of  the 
interaction  on  the  larger  NVG  aperture  with  the 
windscreen  is  lower  effective  system  resolution. 

A  third  area  of  concern  has  to  do  with  simple 
geometry.  The  NVGs  protrude  from  the  face  by  a 
considerable  distance  (as  much  as  8  inches).  For 
small  cockpits  this  can  become  a  problem  as  pilots 
try  to  look  out  to  the  side  where  there  is  not  much 
clearance  with  the  windscreen.  The  NVGs  can  hit 
the  windscreen  causing  scratches  and  not  making 
the  pilot  very  happy  either. 

Some  NVG  designs  position  the  objective  lens 
higher  or  further  off  to  the  side  than  the  natural 
eye  position.  Windscreens  are  designed  around  a 
‘design  eye*  and  all  optical  quality  measurements 
are  made  from  this  nominal  viewing  box.  Since 
the  NVG  objective  lens  may  be  located  at  a 
significantly  different  position  there  may  be  a 
considerable  decrease  in  optical  quality  due  to  the 
windscreen.  In  particular,  if  the  objective  lens  is 
higher  and  therefore  closer  to  the  slanted 
windscreen,  it  will  be  looking  through  the 
windscreen  at  a  steeper  angle  which  tends  to 
reduce  transmission  and  to  enhance  distortion 
effects. 
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NIGHT  VISION  GOGGLE  ILLUSIONS  AND  VISUAL  TRAINING 


Williain  E.  Berkley,  Colonel,  USAF,  MC,  CFS 
Aircrew  Training  Research  Division 
Armstrong  Laboratory 
Williams  AFB,  Arizona  85240-6457 


INTRODUCTION 

Night  vision  goggles  (NVGs)  possess  certain 
specific  visual  characteristics  related  to  their 
limited  resolution,  field  of  view  and  automatic 
gain  control.  In  addition,  the  near  Infrared 
energy  to  which  NVGs  are  most  sensitive  has 
somewhat  different  properties  as  compared  to 
visible  light.  These  factors  combine  to  produce 
certain  effects,  limitations  and  illusions  not 
ordinarily  encountered  with  unaided  vision.  NVG 
visual  training  for  aircrew  members  is  conducted 
with  1)  didactic  presentations,  2)  terrain  board 
simulation,  3)  video  tape  presentations  of 
intensified  imagery,  4)  flight  simulators 
utilizing  computer  generated  Imagery  and  5)  actual 
flight  with  NVGs.  Computer  based  training  and  an 
interactive  videodisc  are  under  development. 

EFFECTS  AND  ILLUSIONS 

NVG  effects  include  limitations  in 
estimating  or  Judging  1)  altitude,  2)  distance,  3) 
object  clearance,  4)  aircraft  closure  rates,  and 
5)  terrain  or  object  obscuration  and  6)  undetected 
meteorological  conditions.  Illusions  can  be 
classified  as  1)  undetected  or  illusory  motion,  2) 
misperceptions  of  aircraft  attitude  and  3) 
undetected  or  illusory  terrain  contour  or  slope. 

ALTITUDE,  DISTANCE  AND  DEPTH  PERCEPTION  WITH  NVGs 

Judgements  of  distance  and  depth  are  made 
with  visual  cues  ordinarily  categorized  as  either 
binocular  or  monocular.  Binocular  cues  include  1) 
stereopsiSi  2)  vergence  and  3]  acconmodation. 
Although  some  stereopsis  is  thought  to  be  present, 
there  is  almost  certainly  no  vergence  or 
accommodation  effect  when  viewing  a  fixed  NVG 
image  collimated  at  Infinity.  Stereopsis  can  be 
significantly  affected  by  a  decrement  in 
resolution,  and  the  total  binocular  contribution 
to  depth  perception  with  NVGs  is  probably  minimal. 

The  majority  of  depth  perception  with  NVGs 
is  presumably  derived  from  monocular  cues  such  as 
1)  relative  size,  2)  motion  parallax  (relative 
motion),  3)  size  and  shape  constancy,  4) 
interposition,  5)  texture  gradient  and  6)  linear 
perspective.  Size  constancy,  particularly  of 
familiar  cultural  objects,  is  an  especially 
powerful  cue.  Like  stereopsis,  most  monocular 
cues  are  degraded  by  the  limited  visual  acuity 
afforded  by  NVGS.  The  result  is  a  significant 
decrease  in  distance  and  depth  perception  compared 
to  normal  day  vision,  particularly  at  lower  light 
levels  where  goggle  resolution  is  reduced. 

It  is  generally  believed  that  tiiere  is 
virtually  no  depth  perception  with  NVGs  at 
distances  of  six  to  eight  meters  or  less,  even 
under  conditions  of  good  ambient  illumination. 

This  effect  may  be  due  at  least  in  part  to  the 
fact  that  in  most  situations  the  goggles  have  been 
focused  at  infinity,  further  impairing  close 
vision.  This  deficient  depth  perception  at 
relatively  short  distances  has  resulted  in  a 
number  of  Incidents  involving  formation  flight, 
air  refueling,  and  hover  or  landing  -  especially 
in  tight  landing  zones. 


Compensation  for  the  narrow  field  of  view 
(FOV)  of  NVGs  is  achieved  by  employing  a  constant, 
aggressive  scan  to  enlarge  the  total  field  of 
regard  of  the  aviator.  An  effective  scanning 
technique  is  essential  for  maintenance  of  good 
situational  awareness,  spatial  orientation  and 
altitude  awareness.  For  example,  a  dramatic  loss 
of  altitude  awareness  may  occur  if  the  scan  is 
interrupted  (e.g.  if  the  neck  is  splinted  during  a 
high  G  maneuver).  Experience  has  also  shown  that 
improving  scan  technique  is  one  of  the  most 
effective  methods  for  overcoming  a  misperception 
or  illusion  that  has  already  occurred. 

Because  the  restricted  FOV  of  the  goggles 
provides  only  limited  peripheral  information,  one 
would  assume  that  this  mechanism  for  altitude 
and/or  distance  perception  is  an  ambient  visual 
function  derived  from  central  visual  inputs.  An 
enhancement  of  motion  parallax  cues  would  be 
expected  to  occur  as  the  pilot's  scan  moves 
laterally,  producing  an  increased  perception  of 
angular  motion. 

Some  motion  parallax  cuing  from  cultural 
lights  or  well  illuminated  terrain  undoubtedly 
occurs  in  the  operator's  unaided  FOV  as  well. 

This  effect  is  obviously  highly  variable  and  its 
overall  contribution  to  spatial  orientation  and 
distance  estimation  has  not  been  adequately 
studied. 

Problems  of  distance  and  depth  perception 
are  compounded  by  anything  which  negatively 
Impacts  resolution  or  contrast  of  the  scene. 

Common  examples  are  1)  water,  2)  snow  covered  or 
low  contrast  terrain,  3)  low  ambient  illumination, 
4)  unfavorable  moon  position  5)  dense  cultural 
lighting  (including  fires,  explosions  or  other 
ordnance  effects)  and  6)  incompatible  cockpit 
lighting. 

Hater  is  virtually  invisible  to  NVGs  unless 
there  is  some  surface  texture  present  (e.g.  boat 
wakes,  whitecaps,  spray,  etc.).  A  frequent  cause 
of  spatial  disorientation  with  NVGs  has  been  the 
reflection  of  stars  by  water.  There  have  also 
been  situations  where  pilots  have  seen  through 
still  water  to  the  bottom  of  a  shallow  lake 
without  detecting  the  presence  of  the  water 
itself.  With  rare  exception,  flight  over  water 
must  be  conducted  as  if  the  aircraft  were  in 
Instrument  meteorological  conditions! 

It  is  well  known  to  aviators  that,  even  in 
daylight,  terrain  which  is  uniformly  covered  with 
snow  usually  provides  insufficient  cues  for 
effective  altitude  or  distance  estimation.  With 
NVGs  of  course,  the  problem  is  aggravated  by  the 
limited  resolution  of  intensified  imagery.  Quite 
the  opposite  effect  can  occur  if  there  are 
sufficient  rocks,  trees  or  other  features 
protruding  through  the  snow  cover.  Contrast  can 
be  dramatically  increased  in  this  situation, 
greatly  enhancing  perception  of  altitude  and 
distance.  However,  unless  clearly  discernible 
objects  providing  adequate  size  constancy  cues  are 
present,  a  mission  flown  over  snow  covered 
landscape  will  need  to  be  conducted  as  an 
instrument  flight. 
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Other  low  contrast  terrain,  such  as  desert 
with  limited  foliage,  may  also  provide  Inadequate 
cues  for  effective  distance  estimation.  This  Is 
particularly  true  In  the  Arabian  Desert  where 
there  are  large  areas  almost  totally  devoid  of  any 
significant  features  or  contrast.  Even  worse,  the 
horizon  and  the  terrain  Itself  are  often  obscured 
by  fine  sand  and  particulate  matter  suspended  In 
the  lower  atmosphere.  Visibility  can  be  marginal 
In  the  daytime  and  almost  nonexistent  during 
darkness.  Again  the  limited  resolution  of  NVGs, 
especially  at  lower  light  levels,  exaggerates  this 
problem. 

Flight  from  a  well  Illuminated  area  Into  a 
shadow  can  pose  a  specific  hazard  If  the  aviator 
falls  to  recognize  that  a  marked  change  In  the 
light  level  has  occurred.  If  the  pilot  makes  a 
subconscious  attempt  to  maintain  ground  references 
comparable  to  those  outside  the  shadow,  an 
Insidious  descent  Into  the  terrain  can  occur. 

Although  lower  levels  of  Illumination  are 
much  more  frequently  involved,  very  high  light 
levels  can  also  cause  a  degradation  of  resolution. 
Because  third  generation  Intensifler  tubes  are 
designed  to  maximize  performance  In  low  light, 
there  is  a  tendency  for  the  Image  to  "wash  out," 
or  lose  contrast  at  high  light  levels.  The  result 
Is  a  very  bright  Image  with  reduced  contrast 
compared  to  the  Imagery  obtained  at  lower  light 
levels  (or  compared  to  second  generation  devices 
at  high  Illumination). 

In  addition  to  this  loss  of  contrast,  some 
tubes  possess  fixed  pattern  noise,  or  "honey  comb" 
(also  most  apparent  at  high  light  levels).  In  a 
situation  with  well  Illuminated,  highly 
reflective,  but  low  contrast  scenery,  there  may  be 
so  little  contrast  In  the  Image  of  the  terrain 
that  It  can't  successfully  compete  with  the  “honey 
comb."  In  this  Instance  the  terrain  actually 
becomes  Invisible  until  objects  or  features  with 
greater  contrast  are  encountered. 

Anything  which  heightens  contrast  will  tend 
to  Improve  distance  and  depth  perception.  Foliage 
Is  particularly  effective  because  chlorophyll  Is 
highly  reflective  to  near  Infrared  energy, 
especially  in  comparison  to  earth  or  rocks.  Even 
conifers  and  deciduous  trees  are  readily 
distinguishable  as  a  consequence  of  the 
differences  In  the  chlorophyll  content  of  their 
foliage.  However,  size  differences  between  bushes 
and  trees  are  generally  not  so  apparent.  There  is 
a  relative  deficiency  of  obvious  identifying 
characteristics  for  vegetation  of  different  sizes, 
and  this  can  create  a  very  misleading  size 
constancy  illusion  if  the  aircrew  is  unfamiliar 
with  the  area.  The  tendency  is  to  fly  at  an 
altitude  that  makes  the  vegetation  look  about  the 
same  size  as  It  ordinarily  does.  Particularly 
hazardous  is  flight  over  terrain  covered  with 
small  shrubs  or  bushes  by  someone  accustomed  to 
trees,  because  the  inclination  Is  to  fly  low 
enough  to  make  the  bushes  appear  as  large  as 
trees.  Likewise,  aviators  accustomed  to  operating 
over  shrub  covered  terrain  will  have  a  bias  to  fly 
higher  than  usual  when  flying  over  trees  so  that 
they  appear  "normal"  in  size. 

Cultural  features  are  much  more  reliable  in 
this  regard,  because  our  familiarity  with  the 
precise  size  of  most  man-made  objects  makes  them 
especially  effective  size  constancy  cues.  For 
Instance,  low  altitude  high  speed  flight  can  be 
conducted  with  relative  ease  and  comfort  if  the 
route  parallels  a  power  line,  railroad,  or  unused 
highway  (minimum  of  vehicle  lights)  which  provides 


continuous,  reliable  cuing. 

Moon  position  or  cultural  lighting  can  have 
a  very  negative  effect  on  scene  resolution  and,  of 
course,  altitude  or  distance  perception.  This 
effect  Is  a  function  of  the  NVG  auto-brilliance 
control  which  Is  a  feature  designed  to  maintain 
constant  Image  luminance.  Any  bright  light  source 
will  result  In  a  reduction  of  goggle  gain 
sufficient  to  keep  the  total  image  brightness 
within  certain  preset  limits.  Moon  position  Is 
especially  critical  when  larger  areas  of  its 
surface  are  illuminated.  If  one  Is  flying  (or 
looking)  toward  the  moon  or  an  area  of  dense 
cultural  lighting,  the  light  source(s)  will  be 
very  prominent  but  the  resolution  of  any  unlit 
objects  or  terrain  will  be  adversely  affected  and 
they  may  even  be  partially  or  totally  obscured. 
Altitude  and  distance  estimation  can  be  profoundly 
Impaired,  or  nonexistent.  An  Identical  effect  can 
occur  when  flying  toward  highly  reflective  terrain 
under  conditions  of  high  ambient  Illumination. 

Less  reflective  or  shadowed  features  may  not  be 
visible  at  all . 

Moon  position  also  has  another  Important 
effect  on  scene  definition  which  Is  related  to 
terrain  shadowing.  When  the  moon  Is  positioned 
overhead,  there  will  be  few  If  any  shadows,  and 
terrain  features  may  be  much  less  apparent.  This 
effect  Is  especially  noticeable  with  low  contrast 
terrain  when  the  moon  is  full,  or  nearly  full. 
Given  the  right  combination  of  conditions,  all 
perception  of  contour  may  be  lost,  producing  an 
Illusion  of  perfectly  flat  terrain,  when  In  fact 
there  may  be  quite  a  bit  of  vertical  development. 

There  Is  a  tendency  for  bright,  red  or 
infrared  light  sources  to  be  particularly 
confounding  In  distance  estimation.  Because  of 
the  sensitivity  of  NVGs,  the  relative  brightness 
of  a  light  source  In  an  intensified  Image  tends  to 
give  the  Impression  that  the  light  is  much  closer 
than  It  really  Is.  This  effect  Is  a  particular 
problem  In  judging  distance  or  closure  rates  of 
other  aircraft  because  the  lights  are  visible  at 
much  greater  distances  than  the  actual  aircraft, 
particularly  In  low  light  conditions.  The 
distance  estimation  error  in  this  situation  may  be 
on  the  order  of  tens  of  kilometers.  Flight  In 
shadows  tends  to  enhance  these  light  source 
effects,  because  of  the  increase  in  goggle  gain 
which  occurs  in  response  to  the  reduction  in  total 
scene  Illumination.  Experienced  aircrew  members 
learn  to  look  around  the  goggles  to  view  light 
sources  with  their  unaided  vision  in  order  to 
better  determine  the  correct  distance  to  the 
source. 

MISPERCEPTIONS  OF  AIRCRAFT  ATTITUDE  AND  TERRAIN 
CONTOUR 


Much  less  common  than  altitude  and  clearance 
problems  are  misperceptions  of  aircraft  attitude 
(both  pitch  and  angle-of-bank)  and  terrain  slope, 
where  there  may  be  an  Illusion  of  slope  which  does 
not  exist  or,  more  commonly,  actual  slope  may  be 
unperceived.  Virtually  all  of  these  illusions  have 
occurred  in  the  hover  and  landing  phases  of  rotary 
wing  operations.  It  is  likely  that  some  of  these 
incidents  were  caused  by  some  type  of  image 
distortion,  but  it  is  not  possible  to  make  a 
definite  determination,  because  the  optical 
qualities  of  the  NVGs  involved  were  not  tested. 
Certainly,  unperceived  slope  can  be  the  result  of 
anything  which  affects  resolution  of  the  terrain. 
Including  degraded  goggle  performance,  low 
Illumination,  poor  reflectivity  or  contrast  and/or 
whiteout/brownout . 
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MOTION  ILLUSIONS 

The  most  frequently  reported  disturbance  of 
motion  orientation  Is  unawareness  of  actual 
aircraft  drift.  The  next  most  common  Illusion  Is 
that  of  drift  when  the  aircraft  Is  really 
stationary.  It  Is  Interesting  that  In  both 
unrecognized  and  Illusory  drift,  the  most  common 
direction  of  motion  reported  Is  aft.  The  most 
frequent  scenario  described  Involves  hover  over 
tall  waving  grass.  Other  misperceptions  have  been 
noted.  Including  misjudgments  of  airspeed  and 
direction  of  movement.  Although  uncommon,  these 
have  been  known  to  occur  even  during  the  en  route 
phase  of  flight. 

TERRAIN/OBJECT  OBSCURATION 

Many  Instances  of  obscuration  Involve 
situations  In  which  there  are  significant 
differences  In  the  Illumination  or  reflectivity  of 
different  parts  of  the  scene.  The  portions  less 
well  lit  or  less  reflective  will  be  relatively 
poorly  visualized.  Even  In  a  situation  with 
uniform  lighting,  smaller  objects  and  anything 
which  has  very  low  contrast  or  reflectivity  may 
not  even  be  visible,  especially  If  the  overall 
level  of  Illumination  Is  not  good. 

Shadowing,  and  particularly  foreshadowing. 

Is  a  very  common  and  potentially  dangerous  cause 
of  obscuration.  This  Is  because  nighttime  shadows 
contain  very  little  light  (Illumination  equivalent 
to  mean  starlight  or  less)  In  comparison  to 
shadows  experienced  during  daylight.  Second 
generation  NVGs  are  especially  limited  In  their 
performance  In  shadows.  A  number  of  mishaps  have 
occurred  (primarily  with  Gen  II  devices)  as  a 
consequence  of  flight  or  descent  Into  an  area  of 
shadowing  with  the  subsequent  loss  of  visual 
references. 

Foreshadowing,  the  obscuration  of  near 
terrain  by  a  more  distant  ridge  or  mountain  when 
flying  toward  a  low  lying  sun,  has  long  been 
recognized  as  a  significant  hazard  during  daytime 
(primarily  at  dawn  or  dusk).  This  same  effect  Is 
even  more  likely,  and  much  more  treacherous, 
during  NVG  flight  toward  the  moon  when  it  Is 
positioned  at  a  relatively  low  angle  above  the 
horizon,  or  flight  toward  bright  skyglow  during 
twilight. 

As  described  earlier  in  this  paper,  poorly 
reflective  terrain  can  be  obscured  by  adjacent 
terrain  which  is  relatively  highly  reflective  and 
well  illuminated.  This  can  occur  even  when  the 
direction  of  flight  is  away  from  the  moon.  This 
effect  Is  the  product  of  a  reduction  in  NVG  gain 
in  response  to  the  total  luminance  of  the  scene, 
in  combination  with  the  resulting  loss  of 
resolution  of  the  less  reflective/illuminated 
portions.  Flight  toward  highly  populated  areas, 
flares,  fires  or  explosions  is  quite  similar  In 
that  the  effect  on  goggle  gain  can  result  In  the 
partial  or  total  obscuration  of  unlit  objects  or 
terrain. 

UNDETECTED  METEOROLOGICAL  CONDITIONS 

Since  NVGs  are  primarily  sensitive  to  near 
Infrared  energy,  and  the  near  Infrared  Is  poorly 
reflected  by  moisture,  a  particular  hazard  exists 
when  flying  in  weather  conducive  to  the  formation 
of  thin  clouds  or  fog.  Dense  clouds  or  fog  are 
readily  apparent  with  aided  vision,  especially 
clouds  silhouetted  against  a  clear  sky.  However, 
thin  clouds  or  fog  may  actually  be  Invisible  with 
NVGs,  because  not  enough  energy  is  reflected  from 


their  surface  to  create  an  Image  Tn  the  goggles. 

Of  more  significance  Is  the  fact  that  If  thin 
clouds  are  obscuring  slightly  thicker  clouds, 
which  are  themselves  obscuring  somewhat  more  dense 
clouds,  there  may  not  be  enough  contrast  between 
the  succeeding  clouds  to  permit  visualization  of 
any  of  them.  It  Is  literally  possible  to  enter 
Instrument  meteorological  conditions  without  ever 
detecting  Its  presence.  If  the  terrain  Is 
obscured  by  unseen  clouds,  colli  i-'n  with  the 
ground  can  and  has  occurred. 

OCCURRENCE  OF  ILLUSIONS 

NVG  misperceptions  and  Illusions  have  been 
reported  In  all  types  of  military  aircraft  in  all 
phases  of  flight,  but  most  often  In  helicopters 
during  hover  (the  preponderance  of  NVG  use  Is  In 
rotary  wing  aircraft).  The  other  most  common 
phases  of  flight  are  cruise  and  approach  or 
landing.  Surprisingly,  comparatively  few 
Incidents  occur  during  formation,  slingload  or 
nap-of-the-earth  flight.  Misperceptions  and 
Illusions  have  occurred  over  a  wide  variety  of 
terrain,  with  the  majority  during  good  weather, 
but  at  lower  levels  of  Illumination.  The 
Incidence  during  good  weather  Is,  of  course,  a 
consequence  of  the  fact  that  NVGs  are  not  all 
weather  devices,  and  goggle  flight  Is  ordinarily 
conducted  during  reasonably  favorable 
meteorological  conditions.  The  frequency  of 
problems  at  lower  levels  of  Illumination  Is 
certainly  due  primarily  to  the  fact  that  goggle 
performance  Is  significantly  degraded  In  low  light 
(resolution  at  mean  starlight  Is  about  50t  of  that 
obtained  at  quarter  moon). 

CONTRIBUTING  FACTORS 

Factors  most  often  associated  with 
misperceptions  and  illusions  are  1)  Inexperience, 
2)  lack  of  currency,  3)  task  loading/division  of 
attention,  4)  fatigue  and  circadian  rhythm,  5) 
mission  imposed  stress,  6)  light  effects  and  7) 

NVG  malfunctions. 

As  noted  by  Crowley  (1991),  "the  most  common 
contributing  human  factor  was  Inexperience." 
Although  the  vast  majority  of  incidents  (83X)  were 
reported  by  pilots  and  Instructor  pilots  as 
compared  to  copilots  S  students  (9.5t  combined), 
many  related  that  the  episodes  had  occurred  early 
In  their  flying  careers,  the  frequency  decreasing 
with  Increased  experience.  However,  even  some 
highly  experienced  aviators  report  that  they  are 
more  susceptible  to  misperceptions  If  they  do  not 
fly  frequently  enough. 

High  task  loading  generally  has  a  negative 
effect  on  overall  performance,  and  any  activity 
requiring  attention  inside  the  cockpit  can 
predispose  one  to  a  misperception.  Crew 
coordination  and  "cockpit  resource  management"  are 
very  Important,  especially  during  low  light 
conditions  and/or  difficult  missions. 

Fatigue  and  circadian  rhythm  effects  can  be 
extremely  detrimental  because  of  their  potentially 
significant  effect  on  human  performance.  Although 
the  effects  of  fatigue  per  se,  are  usually 
apparent  to  an  Individual,  the  more  subtle  effects 
of  circadian  rhythm  are  often  not  fully 
appreciated.  First  of  all.  It  must  be  realized 
that  human  performance  at  night  Is  never  equal  to 
that  achievable  during  daytime,  even  If  the 
Individual  is  fully  adapted  to  a  night  schedule. 
Performance  will  be  reduced  on  the  order  of  about 
lOX,  even  in  adequately  rested,  well  motivated  and 
proficient  personnel.  In  those  who  are  less  well 
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motivated  and/or  lacking  in  proficiency,  the 
reduction  can  be  considerably  greater.  Aviators 
adapted  to  a  daytime  schedule  who  are  flying  late 
at  night,  or  those  who  are  significantly  fatigued, 
are  likely  to  suffer  a  serious  impairment  of 
performance  and  be  considerably  more  susceptible 
to  a  misperception  or  illusion. 

Perhaps  the  worst  scenario  is  one  in  which  a 
person's  circadian  rhythm  has  been  disrupted 
altogether  (circadian  desynchronosis) .  This 
occurs  with  extensive  transmeridian  travel  or  an 
abrupt  change  in  the  work/sleep  cycle 
(particularly  if  the  cycle  has  been  subjected  to 
multiple  recent  changes).  These  individuals  are 
almost  always  sleep  deprived  because  circadian 
desynchronosis  also  tends  to  impair  sleep.  The 
combined  effects  of  circadian  desynchronosis  and 
fatigue  on  performance  can  be  quite  profound. 

Even  worse,  the  extent  of  impairment  may  not  be 
apparent  to  the  affected  person. 

Another  potential  factor  is  the  adverse 
effect  of  mission  imposed  stress  on  circadian 
performance  rhythms.  Basically,  stress  has  the 
ability  to  further  exaggerate  negative  circadian 
effects  on  human  performance. 

LIGHTING  EFFECTS 

Light  sources  can  produce  misperceptions  or 
illusions,  either  directly  or  indirectly.  In 
addition  to  the  distance  and  closure  illusions 
described  earlier,  a  common  problem  encountered 
with  cultural  lights  is  the  obscuration  of 
aircraft  exterior  lights  (and  thus  the  aircraft) 
which  occurs  when  the  aircraft's  position  is  such 
that  its  lights  are  superimposed  over  the  lights 
of  a  populated  area  behind  it.  This  blending  of 
aircraft  and  ground  lights  in  combination  with  a 
reduction  in  NVG  gain  (produced  by  the  cultural 
lighting)  can  effectively  make  an  aircraft 
invisible.  A  number  of  midair  collisions  and  near 
collisions  have  occurred  in  precisely  this  manner. 

Not  only  distance  estimation  errors,  but 
misidentification  of  light  sources  such  as 
vehicles,  boats  and  lighted  towers  can  readily 
occur.  As  described  earlier,  this  is  a  result  of 
the  sensitivity  of  NVGs  to  most  light  sources  and 
the  effects  of  intensified  imagery.  Pilots  have 
frequently  mistaken  towers,  vehicles,  ships,  and 
especially  stars,  for  other  aircraft. 

Incompatible  cockpit  lighting  can  have  a 
particularly  serious  effect  on  NVG  performance. 

The  primary  problem  is  an  adverse  effect  on  goggle 
gain  produced  by  light  from  cockpit  displays, 
which  may  be  quite  severe,  but  imperceptible  to 
the  pilot. 

A  decrease  in  NVG  gain  is  essentially  a 
reduction  in  goggle  (and  visual)  performance.  The 
result  is  a  degraded  ability  to  see  outside  the 
cockpit,  which  makes  the  pilot  more  susceptible  to 
virtually  all  of  the  misperceptions  and  illusions 
characteristic  of  NVG  operations.  The  most 
hazardous  aspect  of  this  situation  1s  the 
likelihood  that  it  will  go  unnoticed.  This  is  a 
consequence  of  the  fact  that  it  is  not 
physiologically  possible  for  a  person  to 
quantitate  visual  acuity  except  under  controlled 
conditions  (using  a  known  sized  object  at  a  set 
distance).  If  the  decrease  in  performance  is 
extreme  it  may  be  apparent,  but  in  the  vast 
majority  of  cases  it  is  never  recognized,  even  by 
highly  experienced  aviators.  In  part,  this  is 
because  vision  at  night  with  NVGs  is  so  much 
better  than  unaided  night  vision  that  aviators 


consistently  tend  to  overestimate  their  acuity 
when  using  goggles.  Thus,  the  effects  of 
incompatible  lighting  and  human 
psychophysiological  limitations  often  combine  to 
produce  a  phenomenon  that  can  have  a  serious 
impact  on  flight  safety  and  operational 
capability. 

In  addition  to  the  direct  effect  on  goggle 
gain,  incompatible  lighting  produces  reflections 
(of  incompatible  light)  on  cockpit  canopies  and 
windows.  These  reflections  not  only  affect  goggle 
performance,  they  can  also  obscure  the  portions  of 
the  scene  over  which  they  are  superimposed. 
Overall,  incompatible  cockpit  lighting  is 
potentially  the  single  most  serious  factor  in  NVG 
operational  capability  and  flight  safety! 

WINDSCREEN  TRANSMISSIVITY 

The  transmission  of  infrared  energy  by 
windscreens  and  cockpit  windows  can  also  be  a 
significant  problem.  Designed  to  transmit  visible 
light,  many  cockpit  transparencies  do  not  perform 
as  well  in  the  near  infrared  spectrum,  and  the 
transmissivity  of  some  is  very  poor  (±20%). 

Since  NVGs  (particularly  third  generation  devices) 
are  primarily  sensitive  to  the  near  infrared,  this 
can  result  in  a  serious  reduction  in  goggle 
performance.  Like  the  decreased  visual 
performance  resulting  from  incompatible  cockpit 
lighting,  the  effect  of  decreased  windscreen 
transmissivity  may  not  be  apparent  to  a  pilot. 

MOUNTING  AND  ADJUSTMENT  ERRORS 

In  addition  to  the  many  other  extrinsic 
factors  which  influence  NVG  performance,  mounting 
and  adjustment  errors  are  both  common  and  capable 
of  producing  significant  losses  in  visual 
performance.  Optimal  vision  with  NVGs  cannot  be 
obtained  unless  the  optical  axes  of  the  tubes  are 
precisely  aligned  with  the  optical  axes  of  the 
eyes.  Unfortunately,  it  is  common  to  find 
situations  in  which  the  helmet  mount  and/or  the 
aviator's  adjustment  procedures  have  resulted  in 
an  incorrect  positioning  of  the  goggles  with  a 
significant  loss  in  visual  acuity  and  depth 
perception. 

Misadjustment  of  either  the  objective  focus 
or  diopter  adjustment  can  also  produce  seriously 
deficient  vision.  It  is  imperative  that  proper 
mounting  and  adjustment  procedures  be  followed  in 
order  to  prevent  a  potentially  serious  degradation 
,of  visual  performance! 

GOGGLE  DEFICIENCIES  AND  MALFUNCTIONS 

Intrinsic  factors  affecting  NVG  performance 
which  must  be  considered  are  1)  optical  distortion 
and  2)  binocular  disparities  in  image  brightness, 
res  ilution  or  tube  alignment.  Optical  distortion 
has  resulted  in  a  number  of  illusions  which  are 
dependent  upon  the  type  and  severity  of  the 
distorted  image.  Examples  include  bending  of 
straight  lines,  faulty  height  or  clearance 
judgement,  distortion  of  ground  slope  and 
illusions  of  landing  in  a  hole  or  depression. 

Any  defect  in  goggle  function  which  produces 
a  significant  discrepancy  between  the  two  images 
may  cause  binocular  rivalry  and  prevent  the  visual 
system  from  achieving  image  fusion.  Differences 
in  image  brightness,  resolution  or  binocular 
alignment,  and  significant  unilateral  distortion 
are  the  most  common  causes  of  this  effect.  The 
end  result  is  a  loss  of  visual  acuity  and/or  depth 
perception. 
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TRAINING  METHODS 

US  Air  Force  NVG  training  currently  consists 
of  1)  didactic  presentations,  2)  hands-on  goggle 
familiarization,  3)  terrain  board  demonstrations 
of  effects  and  illusions,  4)  video  tapes  of  actual 
intensified  imagery,  5)  NVG  compatible  flight 
simulators  employing  computer  generated  imagery 
and  6)  actual  NVG  flights.  Computer  based 
training  and  an  interactive  videodisc  are 
currently  under  development. 

The  didactic  lesson  plan  includes 
presentations  of  1)  visual  physiology,  2)  fatigue 
and  circadian  rhythm,  3)  human  factors  mishap 
causes,  4)  the  night  environment  and  image 
intensification,  5)  NVG  operation,  adjustment  and 
preflight  assessment,  6)  cockpit  procedures  and 
lighting,  7)  specific  flight  techniques  and 
lessons  learned,  8)  intelligence  and  rules  of 
engagement  and  9)  hazards  and  emergency 
procedures. 

The  hands-on  instruction  focuses  on  1)  NVG 
fitting  and  life  support  training,  2)  NVG 
operation,  adjustment  and  assessment,  3)  cockpit 
and  NVG  lighting  familiarization,  4)  normal 
cockpit  procedures  and  5)  emergency  procedures. 

The  most  important  single  phase  of  training 
is  the  NVG  fitting,  adjustment  and  preflight 
assessment.  The  importance  of  precise  and  correct 
positioning  and  focusing  of  NVGs,  and  the 
physiological  inability  of  the  visual  system  to 
quantitate  acuity  without  an  appropriate 
resolution  target  has  already  been  emphasized. 

Data  collected  by  the  Armstrong  Laboratory's 
Aircrew  Training  Research  Division  consistently 
demonstrate  that  only  about  3Dt  of  experienced 
aviators  will  adjust  their  NVGs  well  enough  to 
achieve  nominal  acuity  (20/4G)  without  using  an 
effective  resolution  chuit  in  a  controlled 
environment.  In  fact,  vision  of  20/'^'),  2D/8D  or 
worse  is  common. 

The  resolution  chart,  developed  by  the 
Armstrong  Laboratory's  Human  Engineering  Division, 
is  composed  of  nine  square  wave  gratings  which  are 
equivalent  to  Snellen  acuity  ranging  from  2D/35  to 
2D/1DD  (figure  1).  The  gratings  are  randomly 
arranged  in  either  a  vertical  or  horizontal 
orientation,  and  the  chart  itself  can  be  rotated 
to  any  of  four  positions. 

1 


c 


Figure  1.  Resolution  Chart 


The  concept  is  to  periodically  change  the 
orientation  of  the  chart,  and  thus  the  position 
and  orientation  of  the  individual  grids,  so  the 
aviators  do  not  become  accustomed  to  a  particular 
pattern.  This  is  important  because  there  is  some 
risk  that  an  individual  who  is  very  familiar  with 
the  chart  might  be  subconsciously  misled  to 
overestimate  his  visual  acuity.  Acuity  is 
determined  by  counting  the  number  of  grids  that 
can  be  seen  well  enough  to  determine  the 
orientation  of  the  lines.  For  example,  seeing 
eight  of  the  nine  grids  is  indicative  of  Snellen 
acuity  of  2D/4D,  seven  grids  is  equivalent  to 
2G/45  vision,  etc. 

For  NVG  adjustment  the  chart  can  be 
illuminated  with  a  variety  of  light  sources  at  any 
illumination  level  between  quarter  moon  and  full 
moon  equivalent.  Although  goggle  adjustment  is 
somewhat  easier  at  higher  light  levels,  the 
ability  to  vary  the  illumination  to  quarter  moon 
or  mean  starlight  is  desirable  because  it  allows 
assessment  of  NVG  performance  at  lower  light 
levels.  Performance  at  low  light  is  not  only 
critical  for  flight  in  those  conditions,  it  is 
often  the  first  indication  of  a  failing  tube.  It 
is  important  to  remember  that  preflight  adjustment 
and  assessment  of  NVGs  before  each  flight  is 
essential ! 

A  terrain  board  is  used  to  demonstrate  the 
effect  of  differences  in  moon  phase,  elevation  and 
azimuth;  various  lighting  effects;  and  to 
illustrate  the  differences  between  normal  and  low 
contrast  terrain  and  water.  The  terrain  board  has 
proven  particularly  effective,  because  many 
effects  can  be  demonstrated  very  dramatically  by 
simply  changing  the  position  or  intensity  of 
illumination  while  the  student  watches  with  NVGs. 
Experience  has  shown  that  this  modality  is  even 
more  convincing  than  a  similar  presentation 
utilizing  actual  intensified  imagery  on  video. 

However,  video  tapes  are  still  quite  useful, 
since  there  are  no  other  comparable  methods  for 
capturing  and  illustrating  many  of  the  effects  and 
illusions  of  intensified  imagery.  An  interactive 
videodisc  is  currently  under  development.  The 
principal  advantages  of  the  disc  will  be  1) 
storage  capacity  capable  of  accommodating  all  of 
the  necessary  video  material  on  one  disc  and  2) 
the  capability  of  accessing  a  selected  segment  of 
video  much  more  rapidly  than  is  possible  with  a 
linear  tape. 

Static  cockpits,  cockpit  procedures  trainers 
and/or  simulators  are  employed  for  cockpit-related 
training.  The  use  of  these  devices  for  NVG 
training  is  similar  to  that  for  other  flight 
training,  except  for  familiarization  with 
compatible  lighting  and  specific  lighting 
modifications.  NVG  compatible  simulators  are 
extensively  used  in  some  training  programs,  but 
see  little  or  no  use  in  others.  In  training 
programs  incorporating  higher  quality  simulators, 
actual  flight  time  has  been  reduced  by  as  much  as 
two  thirds. 

In  general,  current  simulators  are  lacking 
in  their  ability  to  adequately  demonstrate  NVG 
limitations  in  depth  and  distance  perception  or  to 
teach  techniques  to  offset  these  restrictions. 

They  tend  to  be  deficient  in  their  representation 
of  moon  phase,  elevation  and  azimuth;  shadows, 
weather,  vegetation  and  surface  conditions  of 
water;  cultural  lighting  effects  and  other 
cultural  features  such  as  different  types  of  road 
surfaces.  They  also  do  not  provide  a  display 
beyond  the  goggle  FDV  that  affords  effective 
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unaided  peripheral  visual  cuing. 

Intensive  research  and  development  efforts 
are  underway  to  expand  our  NVG  simulation 
capabilities.  One  coi  c?pt  that  appears  to  be 
especially  promising  is  a  head-tracked  helmet 
mounted  cathode  ray  tube  (CRT)  display  of 
simulated  NVG  imagery.  Having  a  helmet  mounted 
visual  display  obviates  the  requirement  for  a 
conventional  dome  with  its  complex  and  expensive 
projection  system.  In  combination  with  newer, 
much  smaller  image  generators,  the  CRT/NVG  helmet 
mounted  display  offers  the  potential  for  a  fully 
capable,  low  cost,  deployable  flight  simulator. 


CONCLUSIONS 

It  should  be  readily  apparent  from  the 
preceding  discussion  that  there  is  a  tremendous 
variety  of  NVG  misperceptions  and  illusions.  In 
general,  any  effect  experienced  during  daylight 
can  also  occur  during  NVG  use.  However,  with 
goggles  the  image  intensification  process  tends  to 
intensify  the  illusions  as  well  as  the  ambient 
light.  In  addition  to  the  more  familiar  daytime 
phenomena  are  the  NVG  specific  effects  related  to 
the  properties  of  near  infrared  energy  and  the 
limited  resolution,  field  of  view  and  automatic 
gain  control  of  goggles.  Of  these  factors, 
resolution  and  the  effects  of  automatic  gain 
control  are  the  most  influential. 

Among  the  environmental  factors,  low  ambient 
illumination,  poor  terrain  contrast  and  light 
source  effects  are  easily  the  most  important.  Any 
deficiency  in  goggle  performance  which  affects 
vision  will,  of  course,  have  a  concomitant  effect 
on  susceptibility  to  misperceptions  and  illusions. 
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Incompatible  cockpit  lighting,  helmet 
mounting  problems  and  misadjustment  of  goggles  are 
the  most  pervasive  and  serious  factors  of  all! 
These  three  things  are  especially  dangerous 
because  their  effect  on  visual  performance  is 
often  not  recognized  by  the  aviator,  and  because 
the  resulting  degradation  of  vision  has  the 
potential  of  enhancing  virtually  all  of  the  other 
illusions  and  misperceptions! 

In  addition  to  the  visual  causes,  high  task 
loading/division  of  attention,  fatigue,  circadian 
rhythm,  task  imposed  stress  and  proficiency  are 
all  important  in  the  etiology  of  nighttime 
incidents,  for  both  NVG  and  unaided  operations. 

Proficiency  (including  currency)  is  a  key 
factor  in  the  conduct  of  all  nighttime  operations, 
because  1)  it  is  a  variable  over  which  we  have 
some  control  and  2)  it  offers  the  most  effective 
protection  against  the  effects  of  darkness, 
fatigue,  circadian  rhythm,  high  task  loading  and 
stress.  The  corollary  is  that  effective  training 
is  the  real  foundation  for  both  nighttime 
operational  capability  and  safety! 
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pour  le  combat  antitank. On  presente  les  performances  de  ces 
equipements. 

ENG 

DE  BRIGANTI  G. 

C-91-013644 

Rotor  and  wing  Internal lonal  (US) 


Vision  nocturne. 

Night  vision. 

Publication  en  serie 

VOL  15:  NO  26:  PP.  1182-1187.  1190;  1  Tabl.;  5  Phot.:  DP. 
1991/06/29 

Un  article  sur  les  difficultes  du  marene  des  equipements  de 
••vision**  de  ••nuit**  (cout  6ieve  en  rechercne/deveioppement  * 
restrictions  i  l 'exportat ion) . un  article  sur  I'equipement  de 
vision  nocturne  des  vemcuies  de  combat  pendant  la  guerre  du  Golfe 
(Hughes  Aircraft  Infra  red  thermal  Imaging  System  ni^ht  vision 
equipment .Texas  Instrument  Commander's  independant  thermal  viewer 
-  Hughes  Aircraft  an/vas-3.  Vickers  Thermal  observation  and 
gunnery  Sight)  pour  la  coalition  et  IRNVE  de  la  generation 
preceoente  pour  les  Irakiens.un  tableau  evoquant  l 'adaptation  du 
LANTIRN  de  Martin  Marietta  au  F-l8D.Enf1n,  un  article  sur  les 
systemes  prevus  pour  1 ' ••nei icoptere**  futur  Rah-66  "Comanche"  de 
reconnalssance/attaque  de  I'US  Army  ;  i)  Martin  Marietta  Aided 
target  Acquisition  Designat lon;2)  Night  vlslon/adverse  weather 
Pilotage  System;3)  Helmet  Integrated  Display  Sighting  System  de 
KAISER  Electronics. 

ENG 

PORTEOUS  H.;  FOSS  C.  F.;  LOCK  J.  J. 

0M-9 1 -(XX)630 

Jane's  Defence  Weekly  (GB) 


Apoort  ergonomique  de  I'eclairage  electroluminescent  "HELIT  TM" 
pour  le  voi  de  nuit  en  ♦•nei icoptere**  avec  jumelies  de  vision 
nocturne. 

Publication  en  serie 

VOL  28;  NO  111;  pp.195-200;  11  Ref.;  4  Fig,;  DP.  1989/3T 

Les  probiemes  de  compat ibi 1 1 te  en  terme  de  spectre  lumlneux  entre 

les  ecialrages  nabUueis  des  tableaux  de  bord  et  ie  port  de 

jumelies  de  vision  nocturne  oar  les  pllotes  d' ••nei icopteres** 

amenent  i  proposer  un  nouveau  mode  d'edairage  par  piaquettes 

e 1 cc t ro 1  urn 1 nescen t es 

FRE 

MONIEZ  J.  L. ;  MENU  J.  P.:  PAVARD  B.;  LAVARDE  M.  C.;  LE  FLOHIC  J.  G. 
C-91-F02674 

Medecine  Aeronautique  et  Spatiaie  (fri 


Armes  de  I'US  Army  -.  le  taux  de  disponibi  1  ite  approcne  de  90  pour 
cent  dans  I 'operation  desert  STORM. 

Army  weapon  readiness  rates  averaged  90  per  cent  in  desert  STORM 
ops 

Publication  en  serie 

VOL  157:  NO  51;  pp .  433-434.  OP.  1991/03/14 
Enseignements  tmes  par  i'armee  de  terre  americaine  dans  ie 
confiit  du  golfe  notamment  en  ce  qui  concerne  i  emploi  des 
••nei icopteres**  et  des  missiles. Apergu  des  deficiences  retevees 
dans  les  domaines  iff,  equipements  de  ••vision**  de  ••nuU** 
d'aeronefs.  capacites  anti  brouiiiage  pour  satellites  tactiques  de 
transmissions. 

Redaction  Revue 
ENG 

C-91-0i20e8 
Aerospace  Daily  (US) 


Equipement  de  bord  pour  conpuire  les  attaques  des  dbies  la  nuU 


B-3 


et  dans  de  mauvaises  conditions  de  temps. (Tour  d'''>rlzon). 

Bortovoe  oboroudovan  1  e  dlla  vedenia  atak  tseieT  notchHou  i  pri 
piokhlkh  pogodnykh  ousioviiakn. 

Publication  en  serle 

VOL  43/90:  pp.  21-34;  8  Ref.;  OP.  1990 

On  d^rlt  les  systdmes  de  conduite  d'attague  de  nuit.On  indique 
les  ^qulpements  dont  sont  ou  seront  dot4s  ces  ••avions**.On 
Indique  les  systdmes  de  bord  n^cessaires  i  la  conduite  des 
attaques  de  nuit  des  ••avions**  Hamer.  Jaguard,  A-7.  F-18.  F-15. 
F-16.  Tornado,  etc. . . 

RUS 

TCHERNIKOV 

C-91-010958 

Ekspress  informatsi ia-aviastroenie.  SU.  Nouveiies 
pr^ves-construct lon  aeronaut ique 


Vers  un  cockpit  compi^tement  interactif. 

Towards  a  fully  interactive  cockpit  environment. 

Publication  en  sene 

VOL  24;  pp.  237-242;  2  Fig.;  6  Phot.;  OP.  1991/03 
Get  article  est  entidrement  consacr^  aux  disposuifs  de 
visualisation  en  avlonlque.Il  tralte  notamment  des  nouveaux 
matdrieis  aussi  Dien  pour  les  ^crans  months  sur  casque  (hmO)  que 
pour  ceux  sur  les  tableaux  de  bords  (HOO).Il  pane  entre  autres  du 
dispositif  d'un  casque  mt^gr^  I6ger  ^quip^  de  deux  tubes  de 
lunettes  de  vision  nocturne  et  de  deux  tubes  catnodiques 
permettant  de  surimposer  la  vision  nocturne  et  les  Images 
thermiques  avec  un  symbollsme  ••aeronaut lqu€** . 0‘ autres  systemes 
complexes  sont  abord^s. L'art  ide  d^cnt  ensuite  les  futures 
ambitions  du  syst^me  de  communication  au  sein  du  cokp1t.II  finit 
enfin  par  la  description  de  I'avance  tecnnoiogique  israeMenne  et 
par  la  concurrence  dans  la  demonstration  pratique  des  dlsposltifs 
sur  casque. 

ENG 

HEWISH  M. ;  TURBE  G.;  WANSTALL  B. 

C-91-009259 

Internat lonal  Defense  Review  (uS) 


Offense  k  credit . 

Publication  en  serle 

NO  2836:  pp.  18-21;  1  Fig.;  2  Phot.;  OP.  1991/04/00 
Entretlen  avec  le  deiegue  general  pour  I'Armement  qui  repond  aux 
critiques  portees  centre  le  dispositif  frangais  dans  le  Goife  en 
disant  que  "la  division  Oaguet  a  ete  oepioyee  avec  des  moyens 
mater  ie'>s  qui  lul  ont  permis  de  reallser  une  manoeuvre 
enveloppante  dans  des  conditions  de  reussite 

except lonneiles"  Adaptat ion  du  materiel  frangais  aux  conditions  du 
deserts  et  e  la  ••vision**  de  •*nui t *• . Amei lorat ions  a  prevoir 
pour  ravenir.Priorite  a  la  dissuasion  nucieaire.L'effort 
budgetaire  minimum, cniffres  sur  la  Defense. Les  risques  majeurs 
venant  de  I'Est  et  du  Sud  Les  ventes  d'armement  et  I'affaire 
Lucnalre.L'alde  milltaire  aux  pays  menaces  par  leurs  voisins.La 
creation  de  pOles  industrlels  d'armement  europeen. 

FRE 

SILLARO  V. 

C-91-F01817 
vaieurs  Actueiies.  fr 


Jane  s  equipements  de  securite  et  de  repression  des  emeutes 
1990-91 . 

Jane's  security  and  co  in  equipement  1990-91. 

Ouvrage 

610  P.;  14  Fig.  4  Tab  I . ;  1581  Phot . ;  OP.  1990 
Description  et  caracter 1st iques  des  equipements  de  ce  domaine 
existant  sur  le  marene  mondial  :  arme  a  feu  (pistoiets. 
pi stoi ets-mi t rail  1 eurs .  fusils  d  assaut.  fusils  a  lunette,  fusils 
a  pointage  optronique  et  laser ) ;equipement  operationnei 
(vemeutes.  ••nei  icopteres**  et  ••avions**  legers.  embarcat ions, 
equipements  de  surveillance  radar/vld4o/jumei les  pour  vision 
nocturne,  generateurs  de  rayons  X,  detecteurs  de  metaux.  portiques 
de  securite.  robots  pour  deminage  et  desamorpage) .  materiel  pour 
contr6ie  des  emeutes  (grenades  lacrymogenes ) .  C3I  (enregistreurs. 
surveillance  des  teiecopleurs.  communications  radio,  communication 
de  securite.  gestion  de  donnees),  equipements  de  protection 
(gilets  pare-baiies.  contrOies  d  acces  et  penmetres  de 
protection,  blindages,  bouci 'ers ) . Pubi icat ion  regue  annueiiement 
par  le  CEDOCAR  Consul  tat  ion  sur  place. 

Janes  Information  Group  (GB) 

ENG 

C-91-007859 

Surveillance  oar  piiote  des  aides  a  la  visualisation  generees  oar 
une  banque  de  donnees  numenaue 

Pilot  monitoring  of  display  ennancements  generated  from  a  digital 

database 

Memo  Ire  Congres 

NO  CP-456;  no  13.1-13  7;  5  Fig  ,  5  Pnot  .  OP.  1990 
On  decrit  le  systeme  ’■penetrate"  deveioope  oar  Ferrant  1  pour  »a 
navigation  basse  altitude,  et  actueiiement  essaye  en  voi  sur  un 
"hunter"  e  Farnoorough  Le  coeur  du  systeme  est  une  banque  de 
donnees  comportant  une  maquette  tr iqimenslonnei le  du  relief  Les 
informations  sont  transmises  au  piiote  au  moyen  d  un  ecran  de 
visualisation  tete  haute  l  accent  est  mis  sur  la  necessite 
visueiie  Dour  ie  o'lote  d  exercer  une  surveillance  visuei’e  pour 
.jne  meii'eure  correlation  entre  ’  image  synthetique  et  la  reame. 
ENG 


BENNETT  P.  J.;  COCKBURN  J.  J. 

C-9 1-007504 

AGAftO  Conference  Proceedings.  FR 


Instruments  d'avlonique  moderne  de  haute  performance. La  solution 
des  afflcnages  k  ecran  plat  e  DEL. 

High  performance  modern  avionic  instruments. The  LED  flat  panet 
display  solution. 

Memoire  Congres 

NO  901819;  12  p. ;  3  Ref . :  3  Fig. ;  3  Tabl . :  2  Phot . ;  DP.  1990 
Get  article  expllque  pourquol  li  est  avantageux  d'utiliser  des 
diodes  emettrice  lumiere  (DEL)  et  comment  les  utiiiser  de  fagon 
flable  pour  repondre  aux  exigences  de  I ' Instrumentat ion  d'aeronefs 
dans  des  applications  telies  que  ia  vision  dans  le  noir  total  ou 
sous  fort  eclalrage  naturel.Des  solutions  pratiques  incluant  des 
donnees  pertlnentes  de  performances  sont  fournles  avec  les 
enseff4)ies  de  gammes  LED  couramment  employes  aujourd'hul. 

ENG 

BERNARD  E. 

C-9 1-007480 

$AE  Technical  paper  series.  US 


Specifications  d'un  dispositif  de  visualisation  et  de  visee  monte 
sur  casque  pour  vol  de  nuit  sur  ••nei lcopt6re** . 

Requirements  of  an  hMS/D  for  a  night-flying  helicopter. 

Memoire  Congres 

VOL  1290;  UO  10;  pp .  93-107;  9  Ref.;  12  Fig.;  DP.  1990 
Description  des  besolns  operat lonnels  des  aspects  ergonomiques  et 
des  specifications,  d'un  casque  integre  leger  equipe  de  deux  tubes 
de  lunette  de  vision  nocturne  et  deux  tubes  cathodiques  permettant 
de  surperposer  la  vision  nocturne  et  les  Images  thermiques  avec  un 
symbollsme  ••aeronaut Ique** . 

ENG 

BOHM  H.  0.  V.:  SCHRANNER  R. 

C-91 -007372 

Proceedings  of  SPIE  (US) 


oeveloppement  d'un  systeme  de  lunette  de  **v1slon**  de  ••nuit** 
monte  sur  casque  O'aviateur. 

Tne  development  of  on  aviator  helmet  mounted  hignt  vision  goggle 
system. 

Memoire  Congres 

VOL  1290;  NO  13:  pp.  128-139;  9  Ref.;  H  Fig.;  DP.  1990 
Examen  de  la  conception  d'un  systeme  monte  sur  casque  deveioppe 
pour  les  piiotes  d' ••net icopteres**  et  oe  reacteurs  du  Royaume-um 
par  la  firme  FERRANTI  :  les  lunettes  de  vision  nocturne 
NlTE-0P/NlO4TeiRD. Etude  :  des  contralntes  sur  les  equipements.  de 
la  securite.  des  facteurs  humains.  des  performances  opt iques.  des 
matenaux  et  des  options  de  fabrication  possibles. 

ENG 

WILSON  G.  H.;  MCFARLANE  R.  J. 

C-9 1-006553 

Proceedings  of  Sole  (US) 


La  ••vision**  de  ••nuit**  des  piiotes  :  les  probiemes  lies  aux 
facteurs  humains. 

Pilot  night  vision  :  human  factor  problems. 

Publication  en  sene 

VOL  24;  DO.  65-67;  9  Ref.;  5  Phot.:  DP.  1991/01 
Presentation  des  recherches  et  realisations  Internationales  (USA, 
Royaume-Uni.  France.  Israel)  en  matiere  de  vision  a6rlenne  de  nuit 
et  plus  part icul lerement .  de  lunettes  de  visee  nocturne. Examen  des 
inconvements  de  ce  type  d'apparell  :  champ  visuei  iimite.  penode 
d'adaptation  physique  et  psychologique  necessaire  pouvoir  de 
resolution  relativement  falble.  sensiblllte  aux  sources  lumlneuses 
exteneures.  casque  oesequilibre  constituant  une  cause  de  fatigue 
et  un  danger  en  cas  d'ejection. 

ENG 

ROBINSON  A. 

C-9 1-006550 

International  defense  review  (Ch) 


Facteurs  huma'ns. 

Human  factors - 
Memoire  Congres 

VOL  1290;  pp.  142-203;  58  Ref.;  33  Fig.;  8  Tabl.;  3  Phot.;  5 
articles:  OP.  1990 

Considerations  Sur  la  securite  et  les  facteurs  lunaires  des 
sytemes  aeronaut iques  de  vision  nocturne  utliisant  des  dlsposltifs 
d’lmagerie  thermiQue. Appl icat ion  du  traitement  visuei  aux 
dlsposltifs  de  visualisation  sur  casque. Etude  de  i' influence  des 
defauts  de  cadrage  et  de  chevauchement  de  reconnaissance  visueiie 
pour  un  dispositif  binocuiaire  de  visualisation  monte  su** 
casque. Analyse  des  facteurs  humains  fondamentaux  dans  les 
dlsposltifs  sur  casque  monoculaires  et  binocuiaires. Evaiuat ion  de 
la  precision  de  la  poursuite  visueiie  dan  un  but  de  compensation 
de  para  11  axe  et  de  visee. 

SPIE  (US) 

ENG 

C-9 I -006503 

Proceedings  of  SPIE  lUS) 

Simulation,  essai  et  evaluation 
Simulation,  test  and  evaluation, 

Memoire  Congres 
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VOL  1290;  Dp.  206-264;  9  Ref . ;  20  Fig. ;  4  TaDl . ;  14  Phot , ;  6 
articles;  OP.  1990 

Mesure  du  rapport  signal  sur  pruU  et  oe  la  resolution  des 
lunettes  de  ••vision**  de  ••nuU**  de  1‘US  ARMV.Deveioppement  et 
empioi  de  dispositifs  de  visualisation  montes  sur  casque,  et 
evaluation  en  voi  de  ceiui  equipant  les  piiotes  de  P-i6.Examen  de 
concepts  de  “caoine  virtueiie"  au  cours  de  missions  simuiees. Etude 
des  rnouven.ents  de  la  tete  du  piiote  durant  des  compats  aenens 
Simuies  sur  F-15C. 

SPIE  (US) 

ENG 

C-9 1-006502 

Proceedings  of  SPIE  (US) 


Le  groupe  Boeing/SlKorsi<y  pour  le  LH  fait  1a  demonstrat >on  du 
systeme  de  vision  nocturne. 

Boeing  Sii<orsKy  LH  team  demonstrates  night  vision  system. 

PuOllcation  en  serle 

VOL  169:  NO  55;  p.  452;  DP.  1990/12/20 

le  groupe  Boeing/Sikorskyen  concurrence  pour  le  programme 

d  ••hei icoptere**  leger  lh  de  I'armee  de  terre  am6rlcalne.  vient 

d'effectuer  avec  succds  la  demonstration  du  systeme  de  pilotage  e 

vision  nocturne  NVPS  de  Martin  Marietta,  e  imagerle  haute 

resolution  (technologle  d'infrarouge  utlllsant  un  plan  focal. 

tourelle  staDlllsee,  nouveau  FLIP)  permettant  le  vol  au  ras  du  sol 

de  jour  et  de  nui t . 

Redaction  revue 
ENG 

C-91-006140 
Defense  dal ly  (uS) 


Le  groupe  Boeing/Sirkorsky  du  LH  fait  une  demonstration  du  syst6me 
de  pi lotage  de  nuit . 

Boeing/Sikorsky  LH  team  demonstrates  night  vision  pilotage  system. 

PuOi icat ion  en  serle 

VOL  156;  NO  55;  p.  480;  OP.  1990/12/21 

Le  groupe  Boeing/Sikorsky  qul  concourt  pour  le  programme  LH 
d' ••nei  icopteres**  legers  de  l  armee  de  terre  amencalne  vient 
d'effectuer  une  sene  de  tests  en  vol  tres  satisfaisant  (e  Dord 
dun  S-76  amenagei  du  systeme  NVPS  de  Martin  Marietta,  systeme  de 
pilotage  en  vision  nocturne  qul  doit  permettre  au  LH  de  voler  en 
rase-mottes  par  tout  temps  et  de  nyit  et  d'effectuer  toutes  les 
manoeuvres  possibles. 

Redaction  Revue 
ENG 

C-9 1-005459 
Aerospace  Daily  (US) 

••Mel Icoptere**  antichat  pah-i  avec  ie  systeme  racai  de  navigation. 

Puoi Icat ion  en  serle 

NO  10,  0.  703;  1  Phot . .  OP.  1990/10 

Presentation  du  systeme  RAMS-RACAL  avionic  management  system  -  de 
navigation  aerlenne  dont  les  ••nei icopteres**  pam-i  de  i  armee  de 
terre  aiiemande  sont  equipes  depuls  mai  90.  et  donnant  e  ces 
aeronefs  une  capaclte  tout  temps  Composantes  du  systeme  Marcne  e 
I  exportat ion. 

REDACTION  REVUE 
GER 

C-91 -004101 

Soidat  und  technik  (06) 


Resultats  de  vision  nocturne  de  I'US  Air  Force  23. 

Night  vision  issues  in  23  AF. 

Memoire  Congres 

VOL  24;  Dp. 104-105;  OP.  1987 

Afin  de  mieux  comprendre  les  probiemes  de  vision  nocturne  lies  au 

vol.  les  **avions**  utilises  par  I'US  Air  Force  23  sont  decrits 

ainsi  due  l ' env i ronnement  partlculler  (temperature. 

hurnidi te. ..). L  auteur  s'adresse  ensuite  aux  ophtaimologlstes  et 

aux  physioiogistes  de  Brooks  AFB 

ENG 

HAMMER  0.  L. 

0M-91-(X)O1  17 


Le  tigre  chasse  ia  nuU  Caoacites  de  cotnbat  de  nuit  pour 
••nei Icopteres** . 

The  tiger  nunts  at  night-night  air  compat  capability  for 

hei icopters 

Pupi  icat  ’on  en  sene 

VOL  35,  NO  6;  Op.  72-74.  77.  3  Fig.;  3  Phot..  OP.  1990/10 
Revue  des  perfect  lonnements  technoiogiQues  dont  va  oenefider 
1  ••neiicootere**  franco  ailemand  TIGRE  pour  son  empioi  tout  temps 
:  1-Lunettes  de  ••vision**  de  ••nuit**  2-Systeme  FulR  ou  PASSIVE 
forward  icoking  Infrared  field  3-Systemes  missiles  4-Systeme 
d  idenf icat ion  nis . 

ENG 

2EILINGER  M. 

C-9 1-003261 

Nato  s  sixteen  nations  (nl) 


Comptabiiite  de  '  eciairage  cockpit  et  des  systemes  d' imagerle 
nocturne  i  1 nt ens 1 f i Cat lon  d’lmage. 

Comptabitity  of  aircraft  cockpit  lighting  and  image 
Intensification  night  imaging  systems. 

Publication  en  sene 


VOL  29:  NO  8;  pp.  863  ^  869:  OP.  1990/08 

En  1986.  la  specification  mil-l-85762.  commune  aux  trols  armees 
amencaines.  mtltuiee  "Lighting,  aircraft  interior,  night  vision 
Imaging  system  compatible"  a  ete  adoptee  afin  de  resoudre  les 
probiemes  de  I'eciairage  du  cocKpit.Eile  definit  l ' instrumentat ion 
de  mesure  et  les  techniques  exigees  pour  certifier  que  les 
coR^sants  d'eoalrage  sont  compatibles  avec  les  systemes  de 
vision  nocturne.Les  efforts  en  cours  concernant  cette 
specification  comportent  la  caractensat ion  des  incompat ibi  1 1  t6s 
d'eclalrage  dans  les  aeronefs  en  service  de  i 'armee  amencalne.  la 
mlse  en  oeuvre  de  programmes  correctifs  pour  leS  cockpits  ou  11  y 
a  Incompat ibl I ue  et  la  certification  des  composants  proposes  pour 
1 'eciairage  des  systemes  futurs  sur  •♦avion**. 

ENG 

RASH  C.  E. :  VERONA  R.  W. 

C-91-003106 

Optical  Engineering  (US) 


La  nuit  nous  appartenalt. 

We  owned  the  night. 

Publication  en  serle 

VOL  13:  NO  10;  pp.  33-34.  37-48;  2  Phot.;  DP.  1990/10 
L'article  decrlt  I'equipement  de  vision  nocturne  utilise  pendant 
1 'operation  "Just  cause”  pa<  1 'armee  amencalne  qul  intervenait  i 
Panama  :  AN/AvS-6  ANVIS  (Aviator's  Night  vision  Imaging 
System) ;AN/PVS-7  lunettes  de  vision  nocturne  pour  fantassln  et 
mitrallleur  d ' ••h61 icoptere** : l unet tes  AN/PSV-5  pour 
fantassln:AN/PSV-4  pour  viseur  de  mitral  1 leuse:AN/PA0-4  i  lumldre 
infrarouge  de  visee.Ces  dispositifs  de  vision  nocturne  sont 
commanoes  par  i Mntermediaire  du  PM  NVED  (Projet  Manager  Night 
Vision  and  Electro-optics)  de  Fort  Belvdir. 

ENG 

KIMBERLY  J.  L. 

BM-9 1-000072 

journal  of  Electronic  Defense  (uS) 


Les  forces  terrestres  japonaises  vont  modifier  tous  leurs 
••h6i Icopteres**  pour  leur  donner  la  capaclte  operat lonnei le  de 
nuit . 

GSOF  to  modify  all  helicopters  for  night  operation. 

Publication  en  serle 
NO  985;  D.  3:  DP.  1990/10/22 

Les  forces  terrestres  Japonaises  ont  decide  de  modifier  au  cours 
du  plan  1991-1996  tous  leurs  **hei icopteres**  pour  les  rendre 
capaoies  d'assurer  de  nuU  leur  missions. Depuls  1965  les  piiotes 
ont  eKpenmente  oes  lunettes  oe  vision  nocturnes  pour  les  vols  de 
nuit  mais  1 'eciairage  interleur  des  ••nei icopteres**  ampllfie  par 
ces  lunettes  se  reveie  trop  fort  et  biesse  les  yeux  des  piiotes. La 
modification  de  i'6ciairage  des  cockpits  reviendra  a  67  millions 
de  yens  par  apparel i.  sauf  pour  les  AH*IS  et  hu-IH  (modifie)  qul 
sont  deja  equipes  pour  les  vols  de  nuit. 

Redaction  revue 
ENG 

C-91-002097 

Aerospace  Japan  weekly  (jp) 


McAlpine  acneve  les  essals  du  systeme  "Sea  Owl"  pour 
••nei  ict^teres**. 

MCAlpine  complete  "Sea  Owl"  helicopter  trials. 

Publication  en  serle 
NO  1;  pp.  22-23;  OP,  1990 

Etat  d’avancement  du  programme  d'essais  conduit  par  McAlpine 
Helicopters  et  reiatif  au  systeme  de  surveillance  'Sea  Owl"  a 
imagerle  thermique.Firmes  concernees. 

Redaction  Revue 
ENG 

e«-91-OX)043 

Defence.  Communications  and  Security  Review  (GB) 


ITT  Corporal  Ion. Rapport  annuel  1989. 

ITT  corporation  1909. Annual  report. 

Rapport 

Rapport  anuel  ;  42  p. :  4  Fig.;  nb  Tabl . :  nb  Phot . ;  OP.  1990 
Industrie  automobile,  composants  eiectroniques  technologle  des 
fluides,  technologle  pour  la  Defense,  assurances,  finance, 
services  de  communication  et  d' information. En  technologle  pour  la 
Defense  :  systeme  SINCGARS.  systeme  radio  de  combat  pour  I'Army. 
troisieme  generation  de  lunettes  de  vision  nocturne,  systeme  ASRJ 
d'auto-protect Ion  des  ••avions**  a'appui  tactique  pour  la  marine, 
systeme  ANDVT  de  transmission  protegee  de  la  parole  et  des  donnees 
pour  les  reseaux  radiophoniques  et  teiephoniques. 
international  telephone  and  telegraph  corp  (ITT)  (uS) 

ENG 

C-9 1-000949 


Le  combat  24  heures  sur  24. 

24  hour  battle. 

Publication  en  serle 

VOL  14;  NO  15:  pp.  712-714-716;  OP.  1990/10/13 
Analyse  des  probiemes  de  limitations  causes  par  1 'empioi  des 
•♦avions**  et  *• nei Icopteres**  de  combat  24  heures  sur  24 
(fatigue,  consommatlon  de  munitions,  soutlen  loglstlgue. 
restrictions  imposees  par  1 'empioi  de  lunettes  de  vision 
nocturne. . . ) . 

Service  redaction 


B-5 


eNG 

C-9 1-000543 

Jan«'s  Defence  weekly  (GB) 


Le  systdme  ELVIS  pour  r  ••n^Ucopt^re**  pah-i, 

Publication  en  serle 
NO  8;  p.  82;  OP.  1990/08 

Presentation  du  concept  ELVIS  -  Ernst  Leltz  Vislonik  -  pour  un 
systeme  modernise  de  ••vision**  de  ••nult**  destine  i 
r ••nei icoptere**  anticnar  pah-i. 

Redact  Ion  Revue 
GER 

C-9 1-000051 
Wehrtecnnik  (OE) 


Pianif ication,  precision  et  effet  de  surprise  ont  conduit  au 
succeS  e  Panama. 

Planning,  precision  and  surprise  led  to  Panama  successes. 
Publication  en  serle 

VOL  127;  NO  7;  pp.  26-28.30-32;  2  Fig.;  4  Pnot . ;  OP.  1990/02 
Enseignements  tires  par  le  Commandement  Americain  de  1'operatlon 
JUSTE  CAUSE  menee  en  oecembre  89  au  PANAMA . Points  mis  en  relief: 
1-la  preparation  de  i 'operation. 2- les  moyens  engages  par  les 
troupes  aeroportees  et  les  missions  accompiies  par  luS  AIR 
FORCE. 3-le  systeme  de  ••vision**  de  ••nult**  ANVlS-6.4-le  premier 
engagement  de  I ‘ ••hei Icoptere**  APACHE  et  du  STEALTH  FIGHTER 
LOCKHEED  F-117  A.S-Les  missions  des  forces  spedaies  uSAF.une 
carte  du  tneitre  d'operat ions. 

ENG 

ROPELEWSKI  R.  R. 

C-90-014073 

Armed'  forces  Journal  international  (US) 


Rapport  annuel  1989  de  la  societe  McDonnell  Douglas. 

McDonnell  Douglas. 1989  annual  report. 

Rapport 

Rapport  annuel ;  44  p. ;  no  Taol . ;  no  Pnot . .  OP.  1990 
••Avions**  de  comoat  :  selection  du  F/A-18  Hornet  par  la 
repub  11 due  de  Coree  :avancee  des  programmes 

aeronaut iques. ••Avions**  de  transport  civils  et  miiltaires  (le 
C-17  AirMfter  pour  I'Air  Force ). Ml ss  1 1  es .  espace  et  systemes 
eiectronlques  :  detecteurs  et  systemes  de  surveillance 
(communication  spatiaie  ;contre-mesure  eiectro-opt ique  ;C3I 
.viseur  monte  sur  mit  .detection  infrarouge  emoarquees.  ••vision** 
de  «*nuit**.  imagerie  dans  ie  domaine  visible),  oeveioppement  du 
programme  National  ••Aerospace**  Plane. Services  financiers. 
McDonnell  Douglas  (US) 

ENG 

C -90-0 13690 


U '  ••nei Icoptere**  Oh-58  0  et  son  systeme  de  visee  monte  sur  met. 
Flying  the  OH-50  0  and  its  mast-mounted  signt. 

Pubi icat ion  en  ser le 

VOL  45;  NO  7/1990;  pp  551-555;  4  Pnot.;  OP.  1990/07 
Presentation  du  nouveau  systeme  de  visee  nocturne,  monte  sur  met. 
de  MCOonneil  Douglas.  Nortnorp.  destine  4  i '  ••nencoptere** 
americain  Oh-58  O.Ceiui-ci  ainsi  equipe.  est  apte  a  rempiacer  a  la 
fois  1 ■ ••neiicoptere**  de  reconnaissance  Oh-58  a/C  et 
1 ' ••nei Icoptere**  arme  am- i  Cobra 
ENG 

LAMBERT  «. 

C-90-013650 
Interavia  (CM) 


La  nouveile  eiectronique  de  i  US  naw 
The  NAVY'S  new  electronic  look. 

Pubi icat ion  en  serle 

VOL  22;  NO  6;  PP  92-97.  3  Phot.;  OP  1990/06 

Les  systemes  de  contremesures  eiectriques.  flir.  et  de  ••vision** 
de  ••nult**  constituent  des  modernisations  importantes  des 
equipements  des  aeronefs  de  1  US  navy  .  l  art  ide  presente  les 
modifications  apDortees  a  i  avionique  du  fu  tomcat,  du  f/a-i0 
HORNET,  de  iA-12.  de  i  ea-68  prowler,  du  E-6A  (TacanO).  de 
1  AV-0B  HARRIER,  de  1  • ‘he  1 1 coctere* *  SH-60F  de  guerre  anti  sous 
marin.  et  de  dWerses  piateformes  multiples 
ENG 

GOURLEY  S  R. 

C-90-0131 12 

Defense  electronics  lUSi 


Une  nouve'le  generation  d  imageurs  tnermlques 
A  new  generation  of  thermal  'magers 
Memoire  Congres 

NO  321.  DO  166  a  170.  6  Fig  ,  2  Tab!  ;  OP  1990 

Description  des  imageurs  tnermiques  CONDOR  et  TIGER  utilises  pour 

le  systeme  de  vision  des  missiles  trigat  et  hqt.  oour  le  system© 

de  vison  de  nuit  de  i  ••nei icoptere**  pah2/mac 

ENG 

8UCMTEMANN  W. ;  DEANE  J  P  .  PRAT  Q  ;  pRunIER  0 

C-90-012855 

lEE  Conference  Publications  1 G0 ) 


L  Armee  de  Terre  des  USA  deve'opoe  '  empioi  ooerationnei  des 


••beitcopteres**  de  nult. 

Army  expands  night  helicopter  operations. 

Publication  en  serle 

VOL  133:  NO  2;  pp.  39-41.  44-45;  8  Phot.;  OP.  1990/07/09 
Une  sene  de  comptes  rendus  de  visites  sur  des  bases  de  I'US  Army 
(Fort  Campbell.  Fort  Worth.  Dallas)  lllustrent  l 'extension  donnee 
aux  capadtes  d'assaut  de  nuit  des  ••nei  icopteres**  du  ”i60tn 
••Aviation**  Regiment*  (MH-47E.  IIH-60K.  l(N-6-530.  OM-6)  et  de  ses 
trols  batalllons  (A/MH-6.  UH-60.  UH-60A.  UH-60L.  CH-470.  M/UH-60. 
C/MH-47).Sont  notamment  abordes  les  probiemes  d'entralnement  des 
pliotes.  I'avenir  du  v-22  Osprey,  de  configuration  sans  rotor  de 
queue  du  H-6-530.  d'equipement  GPS  portable. 

ENG 

BROWN  D. 

C-90-012793 

Aviation  week  and  Space  Technology  (US) 


Cofflpte  rendu  sur  DSA'  90  a  Kuala  Lumpur. 

Publication  en  serle 

VOL  14;  NO  3;  p.  80;  4  Fig.;  1  Phot.;  OP.  1990/06 

DSA'  90  qui  s'est  tenue  en  mars  1990  A  Kuala  Lumpur.  Malalsie 

etait  presque  exciusivement  consacree  aux  matenels  de  defense. Ce 

fut  une  exposition  blen  organisees  et  du  plus  grand  interlt .Revue 

des  prlnclpaux  matenels  exposes  :  matenels  de 

franchlssement  :venicule$  terrestres.venicules  non  bUndes. 

FRE 

GEISEN  HEYNER  S. 

C-90-F032n 

Armada  Internationale  (Ch) 


vci  de  nult.  attaque  de  nuit. 

Publication  en  serle 

NO  186;  pp.  31-34;  8  Phot.;  DP.  1990/06 

Examen  des  capadtes  de  voi  et  d'attaque  de  nuit  des 

••nelicopteres**  actueis  et  futurs. 

FRE 

OAOUST  D. 

C-90-F03197 

Avlanews  Internationa)  (BE) 


Les  systemes  de  defense  dans  le  monde  annee  1990. 

Defence  systems  internat lonai '90. 

Ouvrage 

280  p. ;  nompr .  Fig.;  nompr .  Tabi . :  nombr .  Phot.;  DP.  1990 
Revue  des  principaux  Rouipements  des  armees  de  terre.  en  service 
ou  en  deveioppement  .Huit  parties  :  D  venicuies  Dimoes  pour  les 
annees  90  2)  Puissance  de  feu  3)  Mobinte  et  contre-mobi  i  ue  4) 
••Hei icopteres**  du  cnamp  de  batailie  5)  Commandement  contr6ie  et 
communications  (C3)  6)  STANOC  (Surveillance,  acquisition  des 
objectifs.  observation  nocturne  et  contre-survel 1  lance)  7) 
Protection  8)  Simulation  et  instruction. 

ENG 

BLAKEV  G 

C-90-01 1506 


Le  comportement  thermique  des  arnere-pians  naturels  et  sa 
prevision  au  moyen  de  mode les  numer iques. 

The  thermal  behavior  of  natural  backgrounds  and  Us  prediction  by 
means  of  numerical  models. 

Memoire  Congres 

NO  CP  453;  Dp.  30. 1-38. 12;  25  Ref. :  18  Fig. ;  1  Tab! . :  DP.  1989/09 
Evaluation  et  comparaison  de  mooeies  d'arriere-pians  tnermiques  en 
cours  de  deveioppement  dans  divers  pays  (USA.  rfa)  pour  etudier  et 
mtniffliser  1  Influence  des  variations  du  terrain  et  des  parametres 
meteoroiogiQues  sur  les  performances  des  systemes  eiectro-opt iques 
A  bond  des  ••nei icopteres**  de  combat. 

ENG 

WOLlENWEBER  f  g. 

C-90-010996 

AGARO  Conference  Proceedings  (FR) 


L**avion**  F-16  du  programme  afti  acneve  des  essais  d'apoui 
aerien  rapprocne  :  phase  de  demonstration. 

AFTI  F-16  completes  CAS  test,  demonstration  phase. 

Publication  en  sene 

VOL  132.  NO  14;  pp,  38-40:  2  Phot.;  OP.  1990/04/02 
Une  version  de  i  ••avion**  experimental  afti-fi6.  spedaiement 
eauipee  pour  le  d6veioppement  d  un  system©  d  appui  aenen 
rapproche.  vient  de  terminer  la  premiere  phase  de  ses  essais  en 
voi. II  aoparaU  quune  avionique  sooTiist  iquee  pourrau  donner  A 
cet  ••Avion**  des  capacues  de  detection  et  d  engagement .  de 
dbies  au  sol  qes  ia  premiere  passe. L  equipement  eiectronique 
global  necessaire  nest  pas  encore  d6fini  mais  ii  comoortera 
vraisembiabiemeni  un  disposUif  d  affichage  monte  sur  casque, 
combinant  le  systeme  flIR  "FalCOn  eyE".  asservi  A  la  tete  du 
piiote,  avec  des  lunettes  de  visee  nocturne  afm  de  disposer  d  une 
caoacue  de  comoat  de  nuU  mui  1 1  soect  raie  totaiement  mtegree 
ENG 

SCOTT  m  0 
C -90-009869 

Aviation  week  and  Space  Technology  luSi 


Essais  ae  capteurs  d' images  en  vois  de  nuit  A  basse  aitUude 
LOw-ievel  night  f./lng  tests  imaging  sensors 


B<6 


PuDHcation  en  ser^e 

VOL  44;  NO  9;  DP-  89-90.  92.  94.  96'97 .  5  Phot.;  OP.  1990/05 
Description  des  essels  realises  par  luS  Army  en  vue  de  determiner 
ie$  avantages  due  peuvent  apporter  les  progres  techniques  des 
capteurs  d'acqulsit  ion  de  dole  et  d'lmagerle  nocturne  au* 
operations  sur  ••neiicopteres**  e  Passe  altitude  de  nuit  et  en 
conditions  meteoroiogiQues  defavorao'es 
Signal  (uS> 

ENG 

C -90-009498 
Signal  (US) 


L  armee  de  I  'air  pritannique  expenmente  le  systeme  FMr  avec  le 

Jaguar . 

PuPlication  en  serie 

NO  3;  p.  32;  1  Phot,.  DP.  1990/03 

Information  sur  la  commande  du  Ministere  Pritanique  de  la  defense 
ootenue  par  la  firme  GEC  SENSORS  concernant  un  systeme  FLIP  pour 
le  royal  air  force  Ce  systeme  oesigne  par  le  sigle 
At lant ique-Airporne  Targeting  low  Altitude  Navigation  Thermal 
Imaging  and  Cueing-  doit  etre  expenmente  sur  •♦avion**  jaguar 
destine  e  1  entrainement . 

Redaction  revue 
GER 

8H-90-000344 
Wehrtechnik  ( DE ) 


L  US  Army  recherche  un  systeme  de  detection  des  copies  permettant 
aux  piiotes  d' ••nei icoptere**  de  voier  plus  vite  i  passe  altitude. 
Army  seeks  system  to  detect  wires  so  ••nei icooteres**  can  fly 
fast.  low. 

PuPl  icat  ion  e  sene 

VOL  132.  HO  4;  pp,  77.  79.  81;  3  Phot..  OP.  1990/01/22 
Le  programme  OASvS  ("Obstacle  Avoidance  System')  a  pour  opjectif 
de  fournir  aux  pnotes  d"  ••nei  icopteres**  des  informations  sur  des 
dispositifs  de  visualisation  montes  sur  casque,  permettant  une 
utilisation  continue  de  lunettes  de  ••vision**  de  ••nuU**  ou  de 
systeme  FLIR.  augmentant  amsi  i  efficacue  operat  lonnel  ie  et  la 
securite  La  premiere  etape  de  ce  programme  comporte  des 
simulations  en  vol  destinees  a  evaluer  les  performances  (portee. 
detection  anguiaire.  cnamp  visuei.  secunte  oculaire)  et  les 
caractenst  iQues  icout,  $impiicite.  maintenaoii  ite.  poids  et 
dimensions)  de  Quatre  types  de  systemes  (radar  en  onqes 
ml  1  Mmetriques.  radar  a  laser  au  dioxyde  de  carpone.  radar  a  laser 
en  infrarouge  proche.  television). 

ENG 

NOROWALL  B,  D. 

C-90-007588 

Aviation  Heek  and  Space  Technology  (US) 


Probapiiltes  des  reoeres  visueis.  geometrie  et  ergonomie  dans  les 
operations  en  ••nei icootere**  avec  visipiilte  iimitee 
Imaging  proPaPlMtes.  geometry  and  ergonomics  in  limited 
visibility  helicopter  operations 
nemo  ire  Congres 

NO  CP-470;  pp.  20.1-20,11;  7  Ref  ;  6  Flg. ;  1  TapI , ;  DP.  1989/09 
Presentation  d'une  etude,  sous  i  angle  de  ta  securite  des  vois  et 
de  1  eff  lead  te  operat  lonnel  Ie.  des  relations  entre  pHotes 
d' ••neiicoptere**  et  systemes  de  ••vision**  de  ••nuit**  Ii 
apparait  qu'un  reexamen  fondamental  des  approches  conceptueites 
est  necessaire  pour  ameiiorer  de  fagon  significative  ie  systemes 
de  **vision**  de  **nuit**.Le  Pesoin  majeur  est  l ' augmentat ion  de 
la  probapiiite  que  les  systemes  actueis  fournissent  aux  piiotes 
les  meiiieurs  reperes  visueis  autonses  par  ia  technoiogie 
actuei le. 

ENG 

WRIGHT  R  M. 

C-90-007560 

AGARO  Conference  Proceedings  (FR) 


Nouveau  rev4tement  optique  pour  les  capteurs  de  vision  nocturne 
des  AH-64 

AH-64  night  vision  sensors  to  rective  new  optical  coating. 

Publication  en  sene 

VOL  153;  NO  11;  p.  85;  OP.  1990/01/16 

Les  capteurs  de  vision  en  nocturne  des  **hei icoptere**  d'attaque 
AH-64  Apache  de  i  armee  de  terre  amencame  vont  recevoir  une 
nouveMe  couene  protect  ir  ice  de  leur  optique.  couene  de  carpone 
dur .  d  une  duree  de  vie  de  20  ans  (au  Heu  de  3  an$  pour 
1  ancienne  couche  de  fiuorure  de  thorium)  efficace  contre  le 
sapie.  les  ooussieres  et  les  depns  soul  eves  par  les  pales  des 
rotors  et  assurant  au  pHote  une  vision  clalre  infrarouge  du 
systeme  de  vision  TaOS/PNVS.  dont  745  vont  etre  alnsi  transformes, 
permettant  une  economic  de  27.9  millions  de  dollars  sur  3 
ans  Cette  nouveiie  couche  eouipe  ie  char  mi.  les  periscopes  de  la 
marine  et  le  char  Leopard 
Redaction  revue 
ENG 

811-90-000319 
Aerospace  Daily  (uS) 


Les  Garde-COtes  oroiongent  i  experimentation  des  systemes  de 
vision  nocturne  pour  tes  C-130. 

Coast  guard  extends  C-i30  demonstrat ion  of  night  vision  devices. 
PuPt  Icat  ton  en  sene 


VOL  153;  NO  3;  p,  21;  OP.  1990/01/04 

Les  Garde-Cdtes  amencalns  prolongent  de  3  mois  i 'exper tmentat ion 
sur  leurs  C-130  de  systemes  permettant  aux  equipages  de  mieux  voir 
les  bateaux  de  nult.Le  systeme  place  sous  les  ailes  SAMSON. 

Special  Avionics  Mission  Strap  On  Now.  systeme  flIR  avec 
tlluminateur  laser,  avec  ecran  de  lecture  numenque  ne  necessite 
aucune  modification  du  C-130  et  de  son  eiectronique. 

Redaction  revue 
ENG 

C‘90-006360 
Aerospaces  Daily  (uS) 


Systeme  de  projection  optique  a  double  asservi ssement . Une  solution 
aux  besotns  de  visualisation  de  deux  membres  d'equioage  et  de 
vision  avec  lunette  de  nuit. 

Dual  servo  optical  projection  system  (SOPS). A  solution  for  two 
crewmember  and  nignt  vision  goggle  display  needs. 

Memoire  Congres 

NO  SAe89-23S3;  5  p.;  7  Ref.;  1  Fig.;  DP.  1989 
Description  ae  la  conception  et  de  la  mise  en  application  dun 
qisposttlf  d’affichage  vi$uei  qui  resoud  trois  probiemes 
importants  rencontres  sur  les  simulateurs  :  obtenlr  une  imagerie  a 
haute  resolution  et  grand  cnamp  visuei  a  1'aide  dun  materiel 
d’afficnage  et  de  traltement  d'lmage  minimal ;ODt imiser  le  systeme 
d'afficnage  pour  les  besoins  de  i  entrainement  au  vol  avec  lunette 
oe  vision  nocturne;fournlr  une  imagerie  separee  et  precise  a  un 
equipage  de  deux  personnes. 

ENG 

WALKER  J.  L.  :  BIEN  J.  ;  CASTO  C.  ;  SMITH  B. 

C-90-005878 

SAE  Technical  Paper  Series  (US) 


oeout  en  Avrii  1990  des  tests  du  systeme  de  visee  laser  pour 
••avion**  de  nyit  pour  les  forces  speciaies. 

Testing  of  sof  night  vision  laser  targeting  device  to  begin  in 
April . 

PuPlication  en  serie 

vOL  152;  NO  58;  Dp.  481.  482:  DP,  1989/12/27 

Les  tests  au  soi  du  systeme  de  visee  laser  infrarouge  permettant 
aux  tireurs  des  ••nei icopteres**  des  forces  doperations  speciaies 
de  frapoer  leurs  oPjectifs  sans  utlilser  de  munitions  trageuses. 
auront  lieu  en  Avril  1990.  suWls  de  tests  en  vol  en  Mal.Le 
systeme  BSTInG.  tecnnologie  de  vision  par  faisceau  laser 
Ihcorporant  des  lunettes  oe  vision  nocturne,  est  06ta11ie  dans  la 
suite  de  1 'article. 

Reoactioh  revue 

ENG 

C-90-0057I2 
Aerospace  Daily  (uS) 


Acquisition  de  dbie  den  combat  aenen  entre  ••nei  icooteres** . 
Target  acquisition  in  helicopter  air-to-air  combat. 

Memoire  Congres 
HO  AIAA892147;  4  p.;  DP.  1989 

Examen  des  probiemes  rencontres  par  les  piiotes  dans  1 ’ ut i 1 isat ion 
des  capteurs  actueis.  notamment  ceux  equlpant  r ••nei icoptere** 
Apache  AH-64A  (systeme  TADS  comportant  trois  capteurs  : 

Infrarouge,  television.  optiQue  ;avec  possiDiHtes  de  coupige  avec 
d'autres  dispositifs  ;  casque,  condulte  de  tir  canon,  ••vision** 
de  ••nuit**).  pour  1 'acquisition  et  ia  designation  de  cibie  en 
combat  aenen  entre  ••nei  icooteres**  i  courte  moyenne  et  longue 
portee.Anaiyse  de  solutions  possibles  suggerees  par  des  piiotes 
dor ant  des  essais. 

ENG 

WILSON  e. 

C -90-0056 16 
AIAA  papers  (US) 


Systemes  d'entrainement . 

Training  systems. 

Memoire  Congres 

VOL  2/4;  NO  59CH2759-9:  pp.  876-893.  1863-1869;  7  Ref.;  12  Fig.;  1 
TaPI  .  4  memolres:  DP.  1989 

Description  du  systeme  expert  EXT  destine  A  l  '  instruct  ion 
eiementatre  des  anaiystes  de  signaux  ELINT  Presentat ion  du 
programme  de  deveiopoement  de  simulateurs  de  vol  et  de  combat  sur 
les  ••hei icooteres**  ah-64.  ah-is  et  uh-60.  oe  I'US 
Army  Appi Icat Ion  de  nouvelles  technologies  e  ia  conception  et  au 
oeveioopement  de  simulation  d'entrainement  e  la  maintenance  du 
F-16  (cootrat  USAF  no  F33657-85-C-0029 ) . Ana l yse  des  actions  de 
management  Qu'll  faut  exercer  au  cours  du  deroulement  dun 
programme  d ’ enseignement  et  de  formation  d'equipage  d'aeronef  pour 
assurer  i'adequation  des  objectifs  vises  et  du  niveau 
d' instruction  attaint  (volume  4). 

Ie€«  (us) 

EnG 

C-90-(X)5059 

IEEE  NAECON  Proceeding  (uS) 


ComoatlOllite  entre  les  systemes  de  vision  nocturne  et  le 
vieinissement  de  I'aviateur. 

CoFwat ibi i ity  of  the  ••aviation**  night  vision  imaging  systems  and 
the  aging  aviator 
PuDi  Icat  Ion  en  sene 

VOL  60;  NO  10-11;  pp .  8  7B-B  80;  9  Ref.;  1  Tabi . :  DP  1909/10 


B-7 


L'AmiA*  a«4ricafn«  uttiisa  d«s  systdows  da  vision  r>octurn«  qui 
Dduvdnt  4tr«  incotnpat  idles  avec  certains  troubles  de  la  vision 
n4s  au  vien  Mssement  O'apr^s  une  enqu^te  faite  cnez  les 
aviateurs  de  reserve  d'^ige  moyen  39.5  ans  )e  port  des  lunettes  de 
vision  nocturne  est  leoossibie  cnez  7,2  pour  cent  des  sujets.  cnez 
16  pour  cent  d'entre  eux  les  lentuies  correctives  n'6taient  pas 
compatibles  avec  ces  lunettes  de  vision  nocturne.Cette 
constatatlon  a  des  consequences  importantes  pour  la  selection  des 
piiotes  reservistes. 

£NG 

FARR  W.  0. 

811-90-000267 

Aviation.  Space  and  Environmental  Medicine  (US) 


Oispositif  de  visualisation  sur  casque. 

Congres 

VOL  1116;  210  p. :  nbx  Ref . ;  120  Fig. ;  4  TabI . ;  OP.  1989 
Oernieres  applications  de  systemes  optiques  de  visualisation  sur 
casque  pour  ••avion**  tactique.  ••nei icoptdre** .  simuiateur  et 
venicuie  terrestre. Les  articles  ont  ete  repartis  entre  les  4 
sessions  :  •♦nei icopteres**  -  simulation  et  espace  -  ‘‘avion** 
tactique  -  vision  nocturne 
Sole  (us) 

ENG 

C-90-002622 

Proceedings  of  me  SPIE  (US) 


viseurs  et  avionique  pour  “nei icopteres**  :  renouveier  ou 
moderniser . 

Publication  en  s6rie 

VOL  17;  NO  177;  00.  47*50;  1  Pnot  ;  OP.  1989/09 
Rappel  des  6quipements  de  vision  nocturne  d' “nei  icopt6res“ 
d6ve1O0p^s  aux  Etats-ums  A  partir  des  annees  60. Programmes 
actuals  Perspect Ives. Projets  de  modernisat ion  de  I'US  Army,  des 
armees  frangalses.  Dritannique.  soviet ique. Programme  internet ional 
tonal. Deux  encadrRs.Le  M65  revu  par  BAE.  les  systemes  moduiaires 
de  FERRANTI . 

FRE 

RICHARDSON  0. 

C-90-F01219 

Avianees  Internet lonai  (BE) 


La  perception  de  la  profondeur  aprBs  port  prolong^  de  jumelles  de 
null . 

Depth  perception  after  prolonged  usage  of  nignt  vision  goggles 
Publication  en  s6rie 

VOL  60;  NO  6;  00 .  573-579;  10  Ref.;  4  Fig.;  2  Tab)..  OP.  1909/06 
Le  port  prolong^  des  jumelles  est  A  I'origine  de  perturoat ions  de 
ia  vision  de  ia  profondeur  en  particuiier  cnez  les  piiotes 
d' “n6l icoptAre** . Soumis  4  des  tests  de  contrdle  pour  verifier 
cette  hypotnese  on  a  pu  montrer  que  ces  perturbat ions  avaient  pour 
origine  des  modifications  de  i 'accommodat ion  et  de  la  vision 
latRraie  dont  les  causes  sont  discutAes. 

ENG 

SMEENV  J  6. .  WILKINSON  M. 

8M-90-000217 

Aviation.  Space,  and  Environmental  Medicine  (US) 


Le  marine  corps  reco't  des  F-t6  en  dApit  des  dAfainances  pour 
1  attaque  de  ngit 

US  marines  get  F>18  despite  nignt-attack  men. 

Publ icat ion  en  sRr ie 

VOL  136;  NO  4107.  p.  22  .  OP  1909/10/21 

L  US  Marine  Corps,  qui  recoit  le  mo's  dernier  son  premier  chasseur 
d'attaque  de  null  av-88  harrieRT  II.  recoit  son  premier  F-i0O 
d  attaque  de  nuit,  avec  7  mois  de  retard  et  en  d^pit  du  fait  que 
demeure  pour  r  instant  insoluble  ie  dAfaut  de  concordance 
denr  -istrement  entre  le  systdme  fliR  et  les  lunettes  de  vision 
nocturne  NVG  de  1  Aquioage.  d^faut  de  7  mi 1 i iradians  Analyse  des 
solutions  envisagAes 
ENG 

MOXON  J 

C-90-003206 

flight  international  (GBI 


vision  nocturne 
Night  vision 
MAfflOire  CongrAs 

VOL  1116.  PP.  101-210;  Nbx  Ref..  27  Fig.;  4  TaOl - ;  OP  1909 
Prediction  des  performances  de  vision  nocturne  par  un  mooeie  A 
constraste  simple  Comptabi  i  ite  de  l  edairage  du  cockpit  et  des 
systemes  de  vision  nocturne  A  intensi f icat ion  d'lmage  :  questions 
et  reponses  Les  lent i lies  optnaimiques  de  polycarbonate  et  les 
lunettes  de  vision  nocturne  dans  i'“aviation“  de  I'armee  de 
terre  americaine  Reponse  dynamique  d  un  systAme  de  visual »sat ion 
eieciro-opt ique  Restoration  des  'mages  degradees  par  ie 
dep'acement  dans  les  visua i (sat  ions  e»ecf ro-opr iqoes 
ENG 

OECJIER  W  M.  .  RASH  C  £  .  CROSLEY  J  X  ,  AWWAL  A  A.  S  .  CHERRI  A 
K  . 

aM-90-000140 

Proceedings  of  the  SPIE  (USl 


Rapport  annuel  i960  de  la  sociAtA  Martin  Marietta  corporation. 
Martin  Marietta  corporation. 1906  annual  report. 

Rapoort 

RaPDOrt  Annuel;  45  p.;  6  Fig.;  NB  TabI.;  NB  Phot.;  OP.  1969 
Soci6t6  special isAe  dans  la  concepton.  *a  fabrication  et 
I ' intAgrat ion  de  systAmes  et  de  produits  dans  les  domaines  de 
1 'espace.  de  la  dAfense.  de  i 'eiectronique.  de  la  gestion  de 
I ' Informat  Ion ,  de  1'Anergle  et  des  matArlaux.En  astronautriques 
Titan  34  D.  Titan  Iv,  vAnicule  de  lancement  avancA  .  Titan  pour 
lancements  commerclaux.  spationef  de  cartograpnie  de  VAnus,  sondes 
spatiaie.  systAme  robotique  dassembiage  de  la  station  spatiaie 
amAricaine.  satellites  avec  amarres  spatiaies.  missiles 
Pacekeeper.  petits  ICBM.  systAme  de  dAfense  stratAgique.  espace 
nabitA  t  Atude  de  la  navette  cargo. Eiectronique  et  missi le. SystAme 
d' Informat  ion . Mat Ar laux . SystAmes  d ' Anergle. 

Martin  Marietta  Corporation  (uS) 

ENG 

C-90-002073 


Me  Donnell  trouve  la  solution  aux  proDlAmes  du  Hornet  d'attaque  de 
null  - 

Me  Donne)  rinds  cure  for  right-attack  Hornet  problem. 

Publication  en  sArie 

VOL  4190;  NO  136:  D.  20;  DP.  1909/11/14 

Mac  Donnell  Douglas  a  trouvA  la  modification  de  logiciei  qui  va 
permettre  de  supprimer  les  pnAnomAnes  de  dAsaccord  entre  les 
Images  du  systAme  be  navigation  FlIR  affIchAes  sur  1 'Acran  tete 
haute  et  ceiies  du  monde  rAe)  pergues  par  le  piiote  AouipA  de 
lunettes  de  vision  nocturne  NVG.  A  Dord  de  son  nouveau  chasseur 
d'attaque  de  nuit  F-10  0  Hornet  du  Marine  Corps. Analyse  dAtailiAe 
des  dAfai  nances  constatAes  et  des  remAdes  apportAs. 

ENC 

8Ajtfy  J. 

C-90-001852 

Flight  Internat tonal  (GB) 


Sikorsky  propose  la  modernisation  des  Black  Hawk  de  I'armAe  de 
terre  austral lenne 

Sikorsky  plans  Changes  for  austral  Ian  army  Black  Hawks- 
PubHcatlon  en  sArie 

VOL  4190:  NO  136.  p.  17;  DP.  1989/11/14 

A  la  suite  des  exercices  opArat lonneis  Kangaroo  09.  Sikorsky 
propose  aux  forces  terrestres  austral lennes  les  modifications 
suivantes  des  39  “hAi  icopt Ares**  S-70A-9  Black  Hawk  : 
en^eg1strement  des  donnAes  de  voi  et  des  conversations  du  cokpit. 
la  compat ipi 1 itA  des  lunettes  de  vision  nocturne  NVG.  Ia 
modernisation  des  systAmes  de  navigation  et  de  communication  et  du 
moteur.  dAtaiiiAes  dans  i  article. 

ENG 

NORRIS  G 
C -90-00 1303 

Flight  International  ( GB ) 


Prochaio  premier  voi.  retardA  jusqu'ici,  de  I 'A-?  plus. 

A-7  plus  nears  delayed  firts  flight. 

Publication  en  sArie 

VOl  136;  NO  4/02;  p,  18;  1  Phot  :  DP.  1909/09/16 
La  firme  LTV  a  un  contrat  de  133.6  minions  de  dollars  pour  le 
programme  d  essais  en  voi  de  deux  chasseurs  modernisAs  A-7  plus.  A 
moteur  Pratt  et  Whitney  FlOO  et  avionique  de  vision 
nocturne.RetardA  de  six  mois  pour  diverses  raisons  non-techniques, 
le  premier  voi  aura  ) leu  fin  Octoore. 

ENG 

MOxON  J 
C-90-000703 

FLight  Internal lonai  (GB) 


SystAmes  tartiques  de  ••vision**  de  ••nu't**  adaptAs  au  systAme 
Falcon  Eye 

TAC  night  vision  requirements  tailored  to  Falcon  Eye  system. 
Publication  en  sAne 

VOL  126.  NO  10.  OP  20.  22;  i  Pnot  ;  OP  '989/05 
Rappel  des  soAc i f icat ions  recnerenAes  oar  i  uS  Air  Force  pour  le 
systAme  tactique  de  “vision**  de  ••nuU**  aestmA  A  '  apoui 
aArien  '‘aoprochA  et  A  la  reconnaissance  aAr  lenne  Persoect  ives  de 
dAve'oooement  de  'a  version  a-i6  CAS  Close  *ir  Support  de 
1  ••avion**  de  combat  f-i6  en  rempiacement  de  l  A-'O  AgA. 

ENG 

ropelewski  r  r 
BM-90-0001 14 

Armed  Forces  Journal  International  (US) 


Les  gAants  aiiemanqs  (  “hai  icopt Ares** ) . 

German  giants 
Publication  en  sArie 

VQl  8;  NO  3;  pp .  0-10.  12-13;  NO.  Phot . :  OP.  1909/06 
Manoeuvre  du  25e  rAgiment  hAMportA  de  i  armAe  de  terre 
ouest -a) lemande . Evoi ut ion  des  “hAi icootAres**  CH-53G  Support 
lOglst iQue  Mobl 1 itA  OoArat Ions  en  vision  nocturne. 

ENG 

movle  j. 

C-89-015644 

Defence  Helicopter  world  (GB) 


Phase  2  pour  i  Apache. 
Phase  2  for  Apache 


B<8 


PuoHcation  en  s^rie 

VOL  20;  NO  S:  D-  369;  DP.  1989/05 

£tat  d'avancement  du  programme  de  1'US  Navy  MSIP  -  Mult!  Stage 
IMprovement  Programme  pour  ddveiopper  les  capacit^s  air-air  de 
r ••h61 icopt^re**  ah-64  Apacne.Essais  et  adaptation  pr6vue  du 
missile  St inger . 

Redaction  Revue 
ENG 

C-89-015044 
Defence  (08) 


La  Jordanie  realise  trols  productions  mllltalres  communes  avec  les 
Etats  unis,  la  Grande  Bretagne  et  la  France. 

Jordan  finalizes  tnree  joint  ventures  military  with  USA.  UK  and 
France. 

PuPMcatlon  en  s6rle 

VOL  11;  NO  29;  pp  1.2;  OP.  1989/07/17 

La  Joroanle.  Qui  continue  ^  construire  sa  propre  Industrie 
d’armements.  va  reaiiser  des  productions  communes  avec  les 
Etats-Unis  (assempiage  d' ••nei  icopteres**  legers  Sky  Nignt  fKtodei 
330,  en  cooperation  avec  la  firme  am^ricalne  Schweitzer),  la 
France  (construction  dun  centre  regional  pour  I'entretlen  et  la 
commerc la Msat Ion  des  6dulpements  de  vision  nocturne  SOPlEM)  et  la 
Grande  Bretagne  (production  en  Jordanie  dequlpements  de  vision 
nocturne,  dont  des  systdmes  infrarouges). 

Redaction  revue 
ENG 

C-89-015021 

International  Defense  Intelligence  (uS) 


Stockage.  manipulation,  et  mise  ^  disposition  des  oatteries  au 
1 1 tnlum. 

Storage,  handling  and  disposal  of  lithium  catteries. 

Nor  me 

Defence  standard;  i5p;  DP.  1989/03/20 

Les  Datteries  au  lithium  sont  devenues  tndispensapies  dans  de 
nompreux  ^qulpements  :  m^moires  de  calculateur.  apparells  de 
••vision"*  de  ••nglt**.  systdmes  de  communications  portatifs. 
cameras,  plateformes  inertielles  d'^*avlon**.  equipements 
eiectro-med icaux .  1 1  y  a  une  large  variete  de  oac  ou  de  cellules 
Chimlques  de  toutes  formes  ou  dimensions. Aussi  il  convient  de 
presenter  qes  procedures  stnctes  de  stockage,  de  manipulation  et 
de  mise  e  disposition  ou  au  reout.  de  ce  type  de 
oattene.caracteristiques  des  catteries  au  i  ithium.Lieux  de 
depot -cond It  Ions  strictes  pour  ie  transport  par  air.  route,  ou  par 
mer . Condi t Ions  strictes  d  utilisation  protections  d'urgence  en  cas 
d  incenqie  et  soins  au  personnel 
Ministry  of  defence 
ENG 

C-89-01 1955 


Ferranti  remporte  le  contrat  de  production  du  systeme  NVG  pour  les 
••avions**  oritanniques  a  aiie  fixe. 

Ferranti  wins  UK  flxed-wing  NVG  contract 

Puoi icat ion  en  serie 

VOL  34;  NO  2;  p  96;  DP,  1989/04 

Indications  sur  te  contrat  attncue  par  la  Defense  Dritannique  e 
Ferranti  Defence  Systems  pour  ia  production  d'un  apparel  1  de 
••vision**  de  ••nuit**  destine  aux  ••avions**  Harrier.  Jaguar. 
Tornado  de  t'armee  de  i  air  ontannique. 

Redact  Ion  Revue 
ENG 

C-89-01 1793 

■'NATO'S'  Sixteen  Nations  (nl) 


Mise  en  cause  de  'usage  des  lunettes  de  vision  nocturne  pendant 
1  entralnement . 

Use  of  night  vision  goggles  in  training  faces  criticism. 

PuCl Icat Ion  en  ser le 

VOL  4;  NO  20;  PP  14-15;  DP  1989/05/15 
Beaucoup  de  critiques  s  expriment  centre  i  utilisation  a 
1  entralnement  en  temps  de  paix  des  lunettes  de  visde  nocturne 
AN/PvS-5,  insuf f isantes  pour  le  voi  de  nuit  en  rasemottes.il  faut 
les  rempiacer  rapidement  par  les  nouveiies  lunettes  anviS-6  dont 
'article  analyse  'es  spaci f icat ions,  le  fonct lonnement  et  les 
performances  ainsi  que  les  futures  lunettes  de  36me  g^n^ration. 
oermettant  le  voi  a  la  lumiare  des  atoi'es  par  temps  couvert 
ENG 

MORRING  F . 

BM- 89-000558 
Defense  News  ( US ) 


De  nouveiies  'unettes  amaiiorent  la  ••vision**  de  ••nuit**  sans 
agaier  ce’ le  du  jour  ) 

New  goggles  improve  night  vision  cut  do  not  match  dayiignt 
condi t ions 

PuCi ^cat 'on  en  s4r le 

VOL  '30.  NO  15.  OP  86-87;  i  Fig..  OP.  1989/04/10 
En  aapit  d  ameliorations  de  leur  fiaciMte  et  de  leurs 
performances.  ' es  lunettes  de  ••vision**  de  ••nuit**  (notamment 
pour  pi  lotes  d  ••h^Hcooteres**  ah-64)  posent  encore  des  proDiemes 
(Champ  visuei  iimite.  accomodation  difficile  aux  modifications  des 
conditions  tumineuses)  Les  disoantes  entre  les  interpretations 
des  scenes  nocturnes  par  I  'oeii  nurnam  et  oar  les  lunettes  de 
vision  imposent  un  approfondissement  des  recherches  sur  la 


physiologic  du  voi  de  nuit. Deux  types  de  lunettes  sont 
actueiiement  en  service  :  )'AN/pvs-S  de  ia  deuxieme  generation  et 
1'an/avs-6  de  la  troisieme  aux  performances  ameiiorees  (reponse 
spectraie  comrlse  entre  550  et  950  namometres.  aculte  visuei le 
supeneure.  performances  constantes  sur  une  duree  de  vie 
supeneure  i  7.500  heures  puis  decroissance  nette  et  rapide 
ensuUe) . 

ENG 

NORDWALL  B.  0. 
c-89-01 1540 

Aviation  Meek  and  Space  Technology  (US) 


Details  sur  le  programme  de  modernisation  du  Tornado  de  1'armee  de 
I 'air  Dritannique  parvenu  au  milieu  de  son  cycle  de  vie. 

RAF  Tornado  mid-Mfe  update  detailed. 

Publication  en  sene 

vOl  135;  NO  4159;  PP.  10-11;  4  Phot-;  OP.  1989/04/08 
Commentaires  sur  le  prograirane  adapte  par  la  Royal  Air  Force  en 
liaison  avec  Panavia  et  le  Namma  de  i 'OTAN. oetai is  sur  les 
equipements  de  ••vision**  de  ••nuit**  et  de  navigation  formant  le 
coeur  du  programme  FLIR/NVG  et  TRN.Besoins  de  I'armee  de  1'alr 
Dritannique. 

ENG 

GAINES  M. 

C-89-01 1518 

Flight  Internat Iona  1  (GB) 


Le  voi  de  nuit  en  ••nei icoptere**  ;  etude  ergonomique  prealaDie 
dans  le  cadre  oe  ia  mise  au  point  oes  systfemes  de  ••vision**  de 
••nul t  *• . 

These 

Memoire  de  DEA  dErgonomie.  104  p.;  122  Ref.;  nombr .  Fig.;  quelq. 
Taol . ;  nomOr .  Phot.;  OP.  1988/06 

un  rappel  sur  la  technoiogie  de  i • ••h6i lcopt6re** .  la  physiologie 
de  la  vision  et  les  systemes  de  ••vision**  oe  ••nuit**  introdult 
I'approcne  ergonomique  du  pilotage  d ’ ••hei icoptdre*"  de 
nuit .L'anaiyse  de  I'activite  du  pllote  precise  les  strategies 
developpees  pour  la  gestlon  du  processus  rapide  et  complexe  que 
constitue  le  pilotage  d'**hei icopt6re**.L'exoioration  des 
redondances  utHisees  par  le  pllote  devrait  permettre  de  mieux 
connaltre  les  besoms  en  information.  faciHtant  ainsi  le 
oeveioppement  des  systemes  de  ••vision**  oe  ••nuit**. 
Conservatoire  National  des  Arts  et  Metiers.  Paris  (FR) 

FRE 

MONIEZ  J.  L. 

C-89-F02937 


L' ‘‘aviat ion**  tactique  amencame  entre  oans  une  ere  nouveiie. 

US  tactical  air  power  moving  Into  a  new  era. 

Publication  en  sene 

NO  1;  pp.  66-70;  I  Fig.;  5  Phot.;  OP.  1989/01 

Revue  des  systemes  et  eduioements  en  oeveioppement  aux  Etats  unis 

ayant  pour  oDjet  d'ameiiorer  les  capadtes  op^rat  lonnel  les  de  nuit 

de  I ' ••aviat Ion**  tactique  US. Perspect ives  pour  la  fin  oes  annees 

90. 

ENG 

ROPELEMSKl  R.  R, 

C-89-010482 

Armed  Forces  International  (US) 


Amelioration  a  court  term®  du  AV-8B  Harrier  2. 

Near  term  enhancements  Of  the  av-8B  harrier  II. 

Memoire  Congres 

VOL  p-  203;  NO  872321 ;  pp.  195-200;  1  Ref .  :  9  Fig.  ;  3  Phot . :  DP. 
1988/02 

Historique  du  oeveioppement  commun  (Grande  Bretagne.  USA)  des 
••avions**  Harrier  et  description  des  prlncipaies  ameliorations 
devant  contripuer  i  (evolution  permanents  du  Harrier  2  (AV-8B) 
notamment  pour  repondre  aux  besolns  d'operatlons  amphiDles  des 
forces  d' intervent  Ion  de  1'US  marine  corps  et  aux  exigences  du 
marene  international .Ces  ameliorations  concernent  :  le  systeme  de 
commande  numerigue  du  moteur.  la  capadte  0 '  mtervent  ion  de 
nuit;ie  oeveioppement  du  moteur  F402-RR  version  408  et  de  divers 
autres  dlspositifs  (contremesures.  charges  externes. 
ant iDroul 1 1  age.  transmissions  num^riques  et  par  satellite,  systeme 
GPS) 

ENG 

Mathews  R  h, 

C'89-010460 


Armee  de  terre  -  90  pour  cent  des  accidents  (d ' ••nei icopteres** ) 
survlendralent  en  condition  oe  nults  sans  lune. 

Army  :  90  per  cent  Of  night  goggle  accidents  said  to  occur  on 
moonless  nights. 

Publication  en  sene 
NO  4;  p  3;  OP  1989/04/21 

Seion  I ' "Orange  County  Register"  sur  i  utilisation  oes  lunettes  de 
vision  nocturne  (NVG)  et  sur  le  taux  d'acddent 
0  ••neiicopteres**.  la  probaiue  O'mcident  est  forte  si  deux 
conditions  natureiies  ne  sont  pas  rempiies  :  lune  visible  d 
au-moins  23  pour  cent  et  sUuee  e  au-molns  30  degres  au  dessus  de 
I ■ hor 1 2on . 

ENG 

C-89-010423 
Avionics  Report  (US) 
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Capteurs  Imageurs  et  poursulte  en  traUement  dMmage  pour  le  PAH2. 
Image  generating  sensors  and  image  processing  tracker  for  the  PAH2. 
PuDiication  en  s^rie 

VOL  13.  NOS:  PC.  122-125;  5  Fig.;  1  TaDl .  ;  1  Phot.;  DP.  1989 
Capteurs  imageurs  (cameras  de  t^l^vislon,  cameras  infrarouges, 
intensif icateurs  pour  pas  niveaux  lumineux  etc..)  pour 
1 '  ••h^Hcoptdre**  de  combat  Pah-2/hac  et  dquipement  de  traitement 
de  r image  pour  le  suivi  des  cipies,  ie  guidage  des  missiles  et  la 
mesure  de  rangle  de  rouiis. 

ENG 
COY  D. 

C-89-009045 

Military  technology  (OE) 

Rapports  sp6ciaux  :  voi  de  nuit. 

Special  reports  :  night  flying. 

Publication  en  s6rie 

VOL  23;  NO  3.  pp,  42-46.48-50;  2  Fig..  7  Phot..  OP.  1988/02 
Ensemble  de  deux  articles  concernant :  a)  I'efHcatit^  de 
1 ' associat ion  jumeiies  ••vision**  **nuit**  et  visualisation  t^te 
haute;  rapport  dun  pliote  sur  des  essais  de  vols  de  nuit  avec  ou 
sans  visuaMtation  tdte  haute  au  cours  d  un  voyage  de  virglnle  en 
Arizona  en  camionnettes  et  en  ••n^i icopt^res**,  description  des 
diff^rents  ^quipements  D)  Presentation  du  syst^me  PAVE  LOW  III  qui 
utilise  un  radar  int6gr6  fliR.  un  syst^me  de  cartes  6l6ctroniqu€S 
ainsi  que  des  Jumeiies  de  **vision**  de  ••nuit**.Ce  syst^me  6quipe 
en  particuiier  les  •*h6i icopt6res**  affectes  i  des  missions 
sped  ales. 

ENG 

GREEN  0. 

C-89-009829 

Rotor  and  wing  1 nternat Iona  1  (US) 


Les  prodldmes  pos^s  par  1 ‘ env 1 ronnement  visuei  futur. 

Future  visual  environment  and  concerns. 

Publication  en  s6rie 

NO  lS- 156 .  OP-  9.1-914;  13  Ref  ;  9  Fig.  R6sum6  f rangai s  du 
CERMA;  DP.  1988/04 

La  n^cesslt^  de  vo’s  op^rat lonnel s  de  nuit  et  les  performances  des 
nouveaux  ••avions**  de  combat  rendent  n^cessaire  i  association  de 
visualisation  t4te  haute,  de  visuei  de  casque  et  de  moyens  de 
suppieance  pour  la  vision  nocturneCes  syst^mes  doivent  par 
a'lieurs  assurer  une  bonne  protection  centre  les  flashes 
nud6aires  et  laser  Le  tout  doit  etre  compatiDie  avec  un  faioie 
DOids  ce  qui  pose  des  prooiemes  tecnnoiogiques. 

ENG 

AGNEESSENS  0. 

9M-89-000516 

AGARO  Lecture  Series  (GS) 


Compatibility  de  ryciairage  caome  avec  ie  port  des  lunettes  de 
vision  nocturne. 

Night  lighting  and  night  vision  goggle  compatibility. 

PuDi icat ion  en  serie 

NO  LS- 156;  DP .  7.1-7.16;  9  Ref . ;  19  F1g, ;  Rysumy  f ranga's  do 
CERMA.  DP.  1988/04 

Les  lunettes  de  vision  nocturne  sont  rendues  nycessaires  par 
1  augmentat  Ion  des  vois  de  nuit-EMes  ampiifient  le  rayonnement 
dans  le  proche  infra-rouge  permettant  au  pHote  de  percevoir  son 
environnement  Mais  ie  spectre  des  ycialrages  de  cockpit  usueis 
contient  une  fraction  notable  dans  1  infra-rouge  qui  entrave  la 
perception  des  yiyments  ext^r leurs. Un  eclairage  du  cockpit  de  type 
electroluminescent  est  par  centre  entiyrement  filtry  par  les 
lunettes  ne  creant  aucun  parasite. 

ENG 

PINKUS  A  ,  R 
0M- 89-000490 

AGARD  Lecture  Series  (G0I 


Les  capteurs  pour  les  • 'ny i icoptyres**  de  I’an  2000 

Visionics  and  sensorics  ^or  the  helicopter  missions  *n  the  year 

2000 

Pubi icat  *on  en  syr ie 

VOL  13:  NO  5,  DP.  40-48.  12  Ref.;  12  Fig.;  1  TaDl  .  OP  1989 
Les  nombreux  systymes  de  vision  assistye  permettant  aux 
••nyi 'copteres**  de  voler  aussi  oien  de  nuit  due  de  Jour  et 
queiQues  so'ent  les  conditions  de  temps  et  de  visibility 
ENG 

BOHM  H  D 
C-89-009279 

Military  tecnnology  ( OE 1 


Evaluation  de  i  accommodat 'on  des  piiotes  de  combat  de  la  Marine 
amyr'calne  oans  )e  noir 

The  accommodat ive  status  m  the  darn  of  uS  Navy  fighter  pilots 
RaPDOr  t 

Rapport  IntermydUlre.  20  D  .  32  Ref  .  0  Fig  .  2  TaDl  ;  QP  1907/03 
L  accommodat 'on  visueiie  dans  le  npir  de  172  piiotes  a  yty  mesurye 
et  comparye  aux  scores  obtenus  lors  d  atterr issages  de  nuit  et 
d  entrainement  au  combat  de  nuit;auc'jne  corryiation  significative 
n  a  ou  ytre  dygagye.Oans  une  deuxiyme  ytude.  les  mesures  de 
r  accommodation  'nocturne  des  oi’otes  ont  yty  comparyes  y  cel  les 
d  un  echantiiion  d  ytudiants  Les  aviateurs  sont  signif icativement 
moins  myopes  Que  'es  ytudiants.  ce  qui  peut  s  expMquer  par 
1  ertrainement  et  la  syiect'on. 

Naval  Aerospace  Medical  Research  Laboratory.  Pensacola  (uS) 

ENG 


TEMME  L.  A. ;  RICKS  E.  L. 
8M-89 -000486 


Systyme  de  pilotage  de  nuit  alat  avec  jumei-ies  CN2h. 

Publication  en  sdrie 

NO  81;  p.  31;  1  Phot.;  OP.  1989/02 

L' ♦•Aviat ion**  L6gyre  de  I'Arfnye  de  Terre  (AlaT)  frangaise  a 
dyveloppy  un  systyme  qui  rend  compatible  un  tableau  de  bord 
d'**nei icoptyre**  avec  les  Jumeiies  Cn2h  de  SOPELEM.  de  teiie 
sorte  Qu'on  peut  voir  simul tanyment  1'extyrleur  d'un  ayronef  i 
travers  des  Jumeiies.  et  rintyneur  de  l 'apparel  l  directement  8 
I'Oeil  nu. 

FRE 

saint  SETIERS  M. 

BM'89-FOOi29 

Dyfense  et  Armement.  nyraciys  International  (FR) 


Voir  1 ' Invisible. 

Sight  unseen. 

Publication  en  syne 

VOL  135;  NO  4151;  pp.  34-35:  5  Fig.;  1  Phot.;  OP.  1989/02/11 
Le  raE  (Royal  **AerosDace**  Estabi isment )  dyveloppe  un  nouveau 
programme  de  recherche  pour  ytudier  de  nouveiies  technologies  qui 
permettront  de  maitriser  les  limitations  des  capteurs  de 
••Vision**  de  ••nuit**  afin  d'amyiiorer  la  precision  des  missies 
air  air. Expose  concernant  les  solutions,  analyse  des  cibles.Le  RAE 
expioite  un  BAe  Harrier  T.4  appeiy  "I'Oiseau  de  nuit"  (The  night 
Bird)  pour  ytudier  les  systymes  de  ••vision**  de  ••nuit**  combinys 
avec  le  FLIR  (Forward-Looking  Infrared)  et  le  Jumeiies  de 
••vision**  de  ••nuit**. 

ENQ 

BEECH  E. 

C-89-006392 

Flight  International  (GB) 


Equipement  des  AH-iS  Japonais  avec  le  systyme  de  vision  nocturne 
NEC. 

AH-IS  to  be  equipped  with  NEC's  night  vision  system. 

Publication  en  syne 

NO  886;  pp.  1-2;  OP.  1988/10/03 

L'Agence  Japonaise  de  oyfense  a  commance  1 ’ instal lat ion  sur  ses 
••nyi icoptyres**  ah-is  anti  chars  des  Forces  Terrestres  d'un 
systyme  de  vlsye  nocturne  mis  au  point  par  la  firme  amyricaine 
NEC.Portatif .  adapty  au  casque  du  pnote.  le  systyme  coute  3.5 
minions  ce  yens  piyce. 

Ryqaction  revue 
EN(^ 

C-89-005704 

Aerospace  Japan-weekly  (jp) 


La  GRANDE -BRETAGNE  amyilore  sa  couverture  reconnaissance-sauvetage. 
UK  Improves  sar  coverage. 

Publication  en  syne 

VOL  134;  NO  4141;  p.  12:  4  Fig.;  DP.  1980/11/26 
Fin  1989.  les  ••nyi icoptyres**  de  recherche  et  de  sauvetage  de  la 
GRanOE-BRETAGNE  seront  capables  de  Jour  d'atteindre  en  une  heure 
tout  point  sUuy  y  75  km  des  cOtes  et .  de  nuit.  en  deux  heures.  8 
i9o  km. Cartes  des  couvertures  Jour/nuit  en  1985  et  1909  et 
description  des  ••nyi icoptyres**  mis  en  oeuvre  par  I'Armye  de 
terre.  la  marine  et  I'Armye  de  I'air. 

ENG 

BEECH  E. 
eM-09 -000333 

FLIGHT  INTERNATIONAL  (GB) 


Systymes  de  vision  nocturne  embarguys. 

Publication  en  syne 

VOL  16;  NO  10:  DD  41-45;  nombr .  Phot.;  OP.  1988/10 
Revue  des  orogrammes  de  dyveioppement  et  des  systymes  oeddentaux 
en  service  pour  ••avions**  et  ••nyi icoptyres**  ;  intensif icateurs 
de  lumiyre  et  imageries  tnermiques. Perspectives  de  I'yvoiution 
t  echnoi og i que . f i rmes . 

FRE 

PRINCE  W. 
eM-89-F(X)O09 

International  Avianews  (BE) 


Simulation  future  de  voi.Un  point  de  vue  miiitaire. 

Future  flight  simulation. A  military  view. 

My moire  Congrys 

VOL  1;  00.  9-21;  3  Fig.;  DP.  1987 

Un  retour  mstorique  sur  les  simulations  militaires  en 
Grande-Bretagne  est  briyvement  prysenty.On  considyre  ensuite  les 
aspects  de  la  technoiogie  disponipie  pour  les  exigences  militaires 
du  futur. Des  conclusion  sont  tiryes  des  aspects  de  simulation  qui 
sont  susceptlbies  de  permettre  un  entrainement  miiitaire 
rentable  Avec  la  permanente  amynoration  des  simuiateurs.  aepuis 
la  deuxiyme  guerre  mondiale  avec  le  Link  Trainer.  11  est  possible 
aujourdhui  de  simuier  une  mission  complete  incluant  des  scenarios 
tactiques  et  des  situations  conf l ictuei les.Oevant  le  choix 
important  des  systymes.  lefficaclty  de  l  entrainement  8  un  cout 
moindre  va  etre  un  entyre  de  selection. La  simulation  de  voi  i 
basse  altitude  demande  une  simulation  ryaliste  du  terrain  : 
(oersoectives  et  defilement  du  paysageJ.Les  systymes  devraient 
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possM«r  d«s  simulations  oe  combat  a^rien.  un  champ  de  vision  le 
plus  large  possible,  un  equipement  flir  (Forward  Looking 
Infra-Red),  des  lunettes  pour  la  ••vision**  de  ••nult**.  un  N8C  en 
kit.  un  sempiant  d'^qulpage,  des  recits  ddtaiiies  de  mission,  un 
pilotage  manuel  fIddle.L' insertion  du  mouvement  est  Importante 
(piateformes  en  mouvement.  si6ge  et  combinaisons  anti-g...). 

Royal  aeronautical  society  (OB) 

ENO 

STRACHAN  I.  W. 

C-89-003d49 


Progrds  recents  concernant  les  aides  au  pllote  dans  inabitacie 
d'un  a^ronef  mintaire  en  operations. 

Congres 

107  p. ;  nbP  Ref.;  nbr  Fig.;  nOr  Tabi . ;  nbr  Phot.;  9  wemolres;  OP. 
1987 

Les  memoires  de  ce  symposium  (plusleurs  sont  signaies 
individuel lament  par  allleurs)  traltent  de  la  sophistication  des 
t8cnes  demandees  aux  piiotes  d'**avlons**  de  chasse.  notamment 
monoplaces,  et  des  syst ernes  developpes  pour  opt i miser  les 
relations  homme-machine.Ces  systemes  ( indlf feremment  designes  ; 
aide  e  la  gestion  de  la  mission,  aide  i  la  decision  tactique. 
associe  du  pllote,  copllote  eiectronlque)  font  largement  appei  A 
I ’ automat  1  sat  Ion  et .  de  plus  en  plus,  e  I ' Intel i igence 
artificielie  pour  assurer  leurs  fonctlons  dont  les  trols 
principales  sont  :  la  fusion  des  donnees.  I 'evaluation  de  la 
situation  et  la  proposition  d'options. 

Ras  (fgb) 

ENG 

C-89-003574 


Metnodoiogie  de  ia  conception  d'un  nabitade  d'aeronef  de  combat  e 
aiie  fixe  en  vue  de  1 'ut i 1 isat ion  de  lunettes  de  ••vision**  de 
••nul t •• , 

A  cockpit  design  methodology  for  the  introduction  of  night  vision 
goggles  in  fixed  wing  combat  aircraft. 

"Hemolre  Congres 

OP  11.1-1117;  4  Fig. ;  OP,  1987 

En  matiere  0 ' introduct lon  de  lunette  de  ••vision**  de  ••nult** 
pour  ce  type  d  appareiis.  ies  opinions  des  utiiisateurs  et  des 
fabricants  peuvent  dWerger.Ce  dilemme  est  examine  dans  le  present 
article  aui  etudie  ies  proDiemes  poses  et  propose  uoe  approcne 
conceptuei'e  assistee  par  orpmateur  de  'a  compat  lot  i  ite  de 
I'haoitacie  et  aes  lunettes  de  ••vision**  de  ••nuit**.L€  processus 
de  conception  decrit  est  en  cours  d'aopMcation  par  la  societe 
"dans  le  cadre  dun  contrat  concernant  les  Jaguar  eo  service  dans 
I'armee  oe  l  air  oritanmgue. 

ENG 

MARTIN  K.  W 
C-89-003550 


L  equlpement  NITE-oo  de  FERRauTI  :  des  lunettes  de  vision  nocturne 
pour  equipage  d'aeronef 

FERRAUTI  NITE-OP-  Night  vision  goggles  for  aircrew 
Memoire  Congres 

00-  10.1-10.9;  2  Fig  .  3  Phot . ;  OP,  1987 

Dans  un  ••hei icoptere** .  des  lunettes  de  vision  nocture  doivent 
dtre  mont^es  sur  casque,  afin  de  laisser  tiores  tes  deux  mains  du 
pllote.  et  incorporer  deux  canaux  de  visualisation,  afin  de 
fournir  une  vision  piocuialre  de  la  sc^ne  observee.Les  lunettes 
NITE-OP  possedent  ces  deux  caracter ist igues  et  sont  sp6ciaiement 
congues  pour  repongre  aux  besoins  britanniques  en  matiere  de 
securite  en  voi  a  oasse  altitude,  aux  vitesses  normaies.  a  faibie 
niveau  lumineux  ou  de  nult. 

ENG 

BLACklE  I 
C-89-002805 


Memoires  du  symposium  sur  les  casques  de  voi  et  ies  dispositifs 
Qui  'es  eauipent . 

Congres 

143  p. .  nbr  Ref . .  npr  Fig.;  npr  Tab! . ;  npr  Phot .  15  memoires;  OP 

1987 

Les  memoires  de  ce  symposium  (piusieurs  sont  signaies 
individueiiement  oar  aineurs)  traltent  de  divers  aspects  des 
fonctlons  primaires  devant  etre  assurees  par  les  casques  de  voi. 
notamment  la  protection  (choc,  ejection,  collision  avec  un  oiseau. 
crash,  ediouissement  soiaire.  aide  a  ia  survie)  et  ies 
transmissions,  et  des  differents  dispositifs  susceptibTes  d'etre 
ajustes  (lunettes  de  ••vision**  de  ••nuU**.  systeme  de  visee. 
systeme  d  affichage.  protection  centre  i  eclair  nucieaire.  entree 
escaie  directe.  commutateurs  a  commande  vocaie.  systeme  audio 
t r idimens 'onnei .  suppnession  active  de  bruit,  reduction  active  de 
bruU.  systeme  daiarme  vocal,  ocuiometre)  .On  aborde  egaiement  ies 
probiemes  medicaux  lies  aux  casques  de  voi. 

Ras  (gb) 

ENG 

C-89-002346 


Les  iimites  humaines  en  voi  et  aueiQues  remedes  possibles. 

Human  limitations  m  flight  and  some  possible  remedies 
Memoire  Congres 

VOL  CP  425;  pp.  5. 1'5  8;  11  Ref  .  1  Fig, ;  OP.  1988 

Les  effets  de  biodynamique  du  vot  a  tres  grande  vitesse  provoQuent 

frequemment  une  perte  de  conscience  sans  aucun  signe  avant 


coureur . Dautres  facteurs  stressants  sont  la  chaieur.  ies 
vibrations,  le  bruit,  et  les  agressions  nuciealres.  biologlques  et 
cnimiques.On  examine  ces  differents  facteurs  et  on  etudie  quelques 
moyens  d'en  diminuer  i' importance  au  niveau  de  la  conception  des 
Interfaces  pi  lot e/ machines  d'aide  au  pllote  (dispositifs 
d'affichage  par  exemple). 

Agard  (fr) 

ENG 

READER  D.  C. 

C-89-001707 

AGARD  conference  proceedings  (FR) 


Nouveau  drone  Israel len. 

Israel  aircraft  industry  unveils  Its  newest  remotely  dicoted 
veh 1 cu 1 e . 

Publication  en  sene 

VOL  10;  NO  40:  p.  2;  DP.  1987/10/03 

La  firme  israeiienne  lAl  teste  un  nouveau  drone  appeie  “Impact"', 
d  une  autonomie  de  12  heures,  pesant  500  kg  et  pouvant  emporter  75 
kg  dont  une  camera  de  television  A  vision  nocturne.  lAI  met  aussi 
au  point  une  station  terrestre  mobile  de  campagne  permettant  de 
contrOier  1'  “Impact*. 

Redaction  revue 
ENG 
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Tolerance  aux  accelerations  de  certalnes  Jumelies  de  nult  - 
c.naiyse  de  mooeie. 

Acceleration  loading  tolerance  of  selected  night  vision  gogg 
systems  :  a  model  analysis. 

Memoire  Congres 

VOL  24;  pp.  10-14;  6  Ref.;  7  Fig.;  Resum6  frangals  du  CERMA;  DP. 
1987 

L'ut 1 1 Isat ion  des  jumelies  de  nult  (NVG)  augmente 
signif tcativement  le  poids  support6  par  le  cou  du  pHote  surtout 
lors  de  fortes  acceierat  ions.Ceci  a  ete  verifie  grace  A  la  mise  au 
point  de  modeies  matnemat iques  et  dynamiques  du  corps  permettant 
d'etudier  la  tolerance  homeostat ique  et  la  tolerance  aux 
accelerations  pendant  I 'eject ion.Appiicat ion  de  ces  resultats  aux 
••avions**  futurs. 

ENG 

OARRAH  M.  I.;  SEAVERS  C.  R.;  WANG  A.  J.;  OEW  0.  W. 

8M-89 -000064 


Aptitude  meaicaie  au  pilotage  des  ••h6i icopteres** . 

Pubi  icat  ion  en  sen© 

VOL  27;  NO  105:  Pp.  6-8;  16  Ref.:  DP.  1988/IT 
Deux  specificites  d'aptitude  pour  le  voi  en  ••hei  icoptere**  oar 
rapport  aux  ••avions* *. D' une  part  les  probiemes  rachidiens. 
surtout  du$  a  des  facteurs  posturaux  et  mecaniaues ; les  inaptitudes 
sont  d'ordre  radioiogiQue.  D' autre  part  une  sol  i  idtat  ion  visueile 
particunere  avee  frequence  importante  des  vols  de  nult  aul  rend 
prlmordiaux  les.  controle  du  sens  du  relief,  vision  de  la 
ppofondeur,  vision  Dinocuiaire,  et  sensiDlMte  au  contraste  colore 
(pour  utilisation  des  jumelies  de  vision  nocturne). 

FRE 

auffret  R. 
eM-89-F00024 

Medecine  Aeronaut ique  et  Spatiaie  (FR) 

Capteur  iofrarouge  evoulue  standardise  ;  6tat  du  programme. 
Standardized  advanced  infrared  sensor  :  a  program  status, 
memoire  Congres 

VOL  88;  5  P-;  2  Tab!.;  OP.  1988 

Ce  capteur  est  un  prototype  de  faisabliite  pour  un  imageur 
thermiQue  de  seconde  generation. On  presente  les  objectifs  du 
programme  de  deveioppement  en  cours  qui  sont  d'obtenir  les  bases 
technoiogiques  pour  le  systeme  d'acquisition  de  cibie  afin  de 
minimiser  ies  rtSQues  lors  de  son  incorporation  au  programme  LHX 
(Light  Helicopter  Family). Les  avantages  presentes  par  ce  type  de 
capteur  ainsi  que  leur  configuration,  sont  oecr 1 ts . Enf in .  on 
evoQue  les  essais  auxqueis  iis  seront  soumis. 

ENG 

HOWARD  C.  G.;  VAN  DERLASKE  D, 

C-89-000654 

American  Helicopter  Society  National  Forum  Proceedings  (US) 


Simulation  d'avionique. 

Avionic  simulation. 

Memoire  Congres 

VOL  3;  NO  88CH2595-5;  pp.  944-953;  5  Ref.;  6  Fig.;  2 
communicat ions :  OP.  1988 

Analyse  archltecturale  par  simulation  d'un  processeur  numenque 
pour  capteurs  multiples  A  architecture  moduialre.  ressources 
partagees  et  systeme  d'expioUation  distripue.La  simulation  de  la 
visitai  isat  ion  dans  le  simuiateur  de  mission  de  combat  de 
1 • ••heiicoptere**  AH-64:simuiat ion  des  systemes  de  visualisation 
de  ••vision**  de  ••nult**  (PNVS).  d'acquisition  et  designation  de 
cibie  (TAOS),  des  capteurs  IR  et  tv  des  teiemetres  lasers,  etc. 
leee  (us) 

ENG 
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Commande  et  visualisation  des  informations. 


B-11 


Information  control  and  disD^ay. 

M^moire  Congrds 

VOL  1;  NO  88CH2596-5;  pp.  184-216;  nompr .  Ref.;  nompr .  Fig.; 
nompr .  Tapi.;  5  communications;  OP,  1988 

Syst^me  d'6vitentent  de  collision  avec  ie  sol  pour  les  a6ronefs 
tactiques  volant  i  Passe  ai t itude. Etude  de  l 'appl lcat ion  des 
rdcepteurs  6iectro-tact i les  cutanes  pour  la  transmission  de 
certaines  informations  au  pilote  d'aeronefs  de  compat.une  approcne 
de  la  fusion  oes  donn^es  dans  'e  cockpit  permettant  de  r^duire  le 
volume  et  la  complexity  du  flot  d’ informat  ions. Concept  ion  et  mise 
en  oeuvre  d'un  systeme  oase  sur  i  afficnage  grapnique  interactif 
pour  la  visualisation  de  la  navigation  et  penetration  en  passe 
altitude  furtives  par  i ' ut 1 1 1 sat  ion  de  renseignements  sur  le 
terrain  y  partir  de  capteurs  passifs  (systeme  PENETRATE), 
leee  (us) 

ENG 
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L'entreprise  Hadiand  participe  au  concours  de  lunettes  de  vision 
nocturne. 

Hadiand  Joins  nignt  goggle  race. 

Pupl icat ion  en  serie 

VOL  10;  NO  4;  p.  181;  2  Phot  ,  OP.  1988/07/30 

Le  ministyre  pritannique  de  ia  defense  a  lance  un  appei  o  offre 

pour  oes  lunettes  de  vision  nocturne  oestinees  aux  piiotes 

d' ••avion**  et  adaptees  au  propieme  de  rejection  en 

vol  . L ' ent repr 1 se  Hadiand  (Bovingdon-Hertforosnire)  developpe  le 

systeme  "Eagle  eye'  qui  a  la  part icuiar i te  d'etre  porte  pres  des 

yeux  comme  des  lunettes  ordinaires  et  par  consequent  ne  necessite 

pas  d'etre  largue  avant  ejection. I1  a  egaiement  lavantage  oe  oeu 

viprer  dans  les  manoeuvres  e  forte  accel erat ion . La  variante 

am6ricaine.  avec  tuP*'  a  intensif  icateur  O' image,  est  en  cours 

d'essai  sur  la  Pase  wr ignt-Patterson  qe  i  US  Air  Force. 

ENG 

WALKER  K . 

C-88-01446t 

Jane's  Defence  weekly  (GB) 


Les  progres  du  AV-88  reiatifs  e  i  attaque  de  nuit. 

AV-8B  night  attack  advances. 

PuPi icat ion  en  se'  ie 

VOL  129;  NO  6;  DP  34-37,  40;  2  Fig,;  1  Phot.;  OP.  1988/08/08 
Dossier  concerns  t;  le  developpement  d'un  prototype  monoplace  muni 
d'un  dispositif  oe  lunettes  de  ••vision**  de  ••nuit**  associe  e  un 
ensempie  infrarouge  oaiayage  frontal  (FlIR).  systeme  permettant 
'es  attaques  de  nui t ; i ‘ adopt  ion  de  ce  systeme  d'attaque  de  nuit 
pour  le  imarine  Corps  Av-86  et  le  Navy  Marine  Corps  F/A-i8C/0;ie 
developpement  d  une  installation  pour  i  entrainement  des  piiotes  e 
I  utilisation  des  equipements  de  ••vision**  de  ••nuit**. 

ENG 

GREELEV  0.  M. 

C-88-013371 

Aviation  Week  and  Space  technology  (US) 


Systemes  d'armes  dans  le  monde. Revue  1988  des  systemes  terrestres 
dans  le  monde. 

Defence  systems/ mternat lonai . 1988  the  international  review  of 
land  systems. 

Ouvrage 

290  p. ;  NB  Fig.;  NB  TaPl . ;  NB  Phot  ;  DP.  1988 

Principaies  rupriques  :  vehicuies  de  compat  piindes  /  Artiiierie  / 
Acmes  de  precision  /  Acmes  d  appui  d'lnfantede  /  Acmes  antichar  / 
•*Hei icopteces**  /  RPV  /  Equipements  de  secucite  intecieuce  / 
Guerre  des  mines  /  vehicuies  militaires  /  Transmissions  du  champ 
de  Pataiiie  /  Mateneis  de  guerre  NBC  /  Radars  de  surveillance  et 
systemes  d  aierte  /  Simuiateurs  et  aides  a  i ' instruct  ion  /  vision 
nocturne  /  Mateneis  de  demolition. 

ENG 

JARMAN  R. 
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Fusion  inteiiigente  d' images  mgi t icapteurs . 

Knowledge-based  muiti -sensor  image  fusion. 

Pupi  icat  ion  en  sene 

VOL  12;  NO  5;  pp.  95-101;  8  Fig.;  1  Phot..  D-^ .  1988/05 
On  indique  une  technique  pour  la  generation  en  temps  reel  d’une 
image  .omposee  e  partir  de  capteurs  multiples  (infrarouges  pour  la 
vision  en  lumiere  faipie.  e  ondes  ml M imet r iques  en  cas  de  piuie 
et  de  proui i i arq I . 

ENG 

REARIK  T  C. 
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Reseau  de  surveillance  efficaces  centre  les  trafics  d'armes  de 
1  Ira 

Surveillance  nets  Ira  arms  haul 
Pupi  icat  Ion  en  sene 

vOl  132:  NO  4087;  D  3 .  DP  1987/11/07 

Les  CESSNA  Titan  et  Caravane  II  des  douanes  francaises.  equipes 
d  un  •'adar  Bendix  ROR  ’50  et  d  un  caicuiateur  Gemini  Crouzet 
permettant  la  surveillance  de  nui*  ont  Joue  un  rdie  dedsif  dans 
1  interception  du  cargo  oanameen  Eksund  transportant  150  tonnes 
d  armement  dont  des  missiles  soi  air  a  destination  de  I'armee  de 
la  resistance  iriandaise. 
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Casque  de  pilote  reiie  au  canon. 

Helmet  sight  linked  to  gun. 

Publication  en  serie 

VOL  133;  NO  4(396:  P.  15:  1  Fig.;  1  Phot.:  DP.  1988/01/16 
Ferranti  a  integre  un  casque  de  pilote  visualisation  tete  haute 
avec  le  systeme  de  conduite  de  tir  du  canon  sos  toureiie  Lucas 
••Aerospace**  monte  sur  ••hel icoptere*"  MBB  BO-105.  les  mouvements 
de  la  tete  du  pilote  commandant  directement  ceux  de  la  toureiie. Le 
systeme  pourrait  s'adapter  au  tir  des  missiles  ou  etre  couple  aux 
capteurs  de  vision  nocturne. 

Redaction  revue 
ENG 
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Simulation  de  la  generation  d' image  mu i t i spect rai e . 

Mul t ispect ral  imaging  simulation. 

Memoire  Congres 

VOL  781;  pp.  42-49;  4  Ref.;  16  Fig.;  DP.  1987 

Etude  de  modetes  de  simulation  numenque.  destines  a  generer  des 
images  infrarouges,  en  vue  detudier  lefficacite  et  la  fiapilite 
des  radars  infrarouges  pour  te  pilotage  des  ••avions**  de  nuit  ou 
par  mauvaises  conditions  meteoroiogiques.Oeterminat ion  des 
composantes  speculaire  et  diffusive  du  rayonnement  solaire. 

Tne  International  Society  for  Optical  Engineering 
ENG 

LOEFER  G.  R. ;  LAO  K.  Q. 

C-88 -005122 

Proceedings  of  SPIE  (US) 


Developpement.  essai  et  evaluation,  oe  lunettes  ae  •■vision**  oe 
••nuit**  compatipies  avec  i ' ••nei icoptere**  BO-105  pour  les 
operations  de  nuit  a  Passe  altitude. 

Oevetopment  testing  and  evaluation  of  a  night  vision  gaggle 
compatible  BO-105  for  night  low  level  operation. 

Memoire  Congres 

NO  CP -423;  pp.  21.1-21.8:  3  Fig.;  6  Phot.;  DP.  1987/06 
Description  oe  la  selection  oe  lunettes  Oe  ••vision**  oe  ••nuit** 
montees  sur  le  casque  du  pilote  et  oe  leciairage  de  ia  capine 
compatible  avec  ces  lunettes. Presentation  aes  experimentations 
(vols  de  nuit  a  Passe  altitude  )  et  des  opinions  oes  piiotes  sur 
les  mateneis  testes  (an/avs-6  ;BM0O43  :Cycioos  ;AN/Pvs-5  ;Cats 
Eyes)  sur  un  “he)  icoptere**  BO-105  spedalement  equipe  (systeme 
de  navigation  Doppler  avec  lecteur  de  carte,  tacan.  dispositif 
3  enregistrement  de  donnees.  systeme  tnaxiai  o  augment  at  ion  oe 
stapi  1  ite) .Les  resuUats  oemontrent  la  faisapiiite  du  concept  un 
equlpement  complet  select ionne  sera  monte  Sur  la  flotte  des 
••nei icoptere**  80-105  avec  I'aide  du  constructeur  oe  la  cellule 
(MBB) . 

ENG 
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Gestion  (Oes  performances)  des  ••nei icopteres** . 

Helicopter  (performance)  management. 

Congres 

NO  CP-423;  pp.  10.1-18.9:  2  Ref . ;  15  Fig,;  OP.  1987/06 
Examen  des  prlncipaux  aspects  du  systeme  de  gestion 
d' ••hei  Icoptere**  oeveioppe  par  la  sodete  Dormer  en  expioitant 
divers  travaux  antemeurs  de  cette  societe  (activites  de 
planiflcation  au  sol  des  missions  aeriennes  ;etudes  de  capines  de 
pilotage  evoiuees  ;essais  de  ••vision**  de  ••nuit**  en 
voU.Anaiyse  des  fonctions  de  Pase  de  ce  systeme  dont  la 
caractenst  ique  essentielie  est  lutilisation  d'une  meme  Pase  de 
donnees  de  performances  dans  les  preparations  au  soi  et  dans  les 
excecutions  en  vol.  donnees  destmees  e  etre  integrees  dans  les 
manueis  d'ut i i isat ion  de  I'aeronef. 

ENG 

BENNER  W. ;  OUSSMAN  R. 
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Agard  Conference  Proceedings  (FR) 


Critere  de  maniapinte  pour  vois  operat  lonneis  d' ••nei  icopteres** 
en  suivi  de  sol  avec  tres  faipie  visipiiite. 

Handling  qualities  criterion  for  very  low  visibility  rotorcraft 
NOE  operations 
Memoire  Congres 

NO  CP-423.  Dp.  6.1-6.15:  12  Ref.;  15  Fig.;  DP.  1987/(36 
L  evitement  de  collision  ainsi  que  la  commande  et  la  stabilisation 
d'un  •*hei icoptere**  en  vol.  i  tres  Passe  altitude  (suivi  de  sol) 
oar  conditions  meteoroiogiaues  oefavorapies  {visipinte 
pratiQuemert  nuUe)  sent  etudies  dans  le  cadre  de  )a  revision 
dune  specification  de  1'US  Army  ("Aeronautical  Design  Standard” 
ADS  33). Les  fapneants  sont  invites  e  oemontrer  gue  les  enveioppes 
de  manoeuvre  de  leurs  proJets  d' **hei icopteres**  ne  sortent  pas  du 
champ  visuei  des  aides  d  la  vis'on  et/ou  des  affictiages  mis  d  la 
disposition  des  pi lotes . L  accent  est  mis  sur  le  developpement  d'un 
critere  pour  la  commande  de  vol  et  le  contr6le  de  stabiHte  en 
presence  dune  degradation  des  reperes  visueis 
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Conmande  Oe  1S0  syst6mes  LANTIRn  par  )‘US  Air  Force. 

LANTiRN  award  covers  150  pods. 

Pudl Icat Ion  en  s^r le 

VOL  155:  NO  19;  p.  1/5,  OP.  1987/12/01 

L'US  Air  Force  a  command^  4  Rtartln  Marietta  pour  608  minions  de 
dollars  150  systdmes  dont  143  de  navigation  et  7  de  condulte  de 
tir.L'Air  Force  prevolt  la  llvraison  d'lcl  1993  de  700  syst^mes 
destines  A  ^Quiper  tes  F-15  E  et  les  F-16  C/O,  les  lantirn  etant 
vaiapies  ia  nuit  et  par  mauvaise  visibility. 

Redact  ion  Revue 
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L'^coie  de  i ' ••aviat ion**  de  I'armye  oe  terre. 

Publication  en  sene 

NO  10:  PP.  56-60;  6  Phot.;  DP.  1987/10 

Presentation  de  I'Ecoie  de  I'Alat  ouest -a l lemande. Organisation, 
missions.  d6roulement  de  1 ' l nstruct ion . Apergu  des  oesolns  en 
yquipements  de  ••vision**  de  ••nult**  et  en  systymes  automatlsys 
d'aide  au  commandement . 

GER 

HANNESTEIN  G. 

C-88-002487 
Wehrtechnik  IDE) 

Un  nouveau  traitement  rend  I'aMiage  d'aiuminium  sempiable  a 
1  ■  ader , 

New  treatment  makes  aluminium  alloy  like  steel. 

Publication  en  syne 

VOL  8;  NO  17;  p.  IQM;  OP.  1987/10/31 

Prysentation  du  procypy  de  traitement  T"FRAM  ayveloppy  A  t'origine 
aux  Etats  Unis  et  mtroauit  en  GB  par  la  firme  AT 
Poeton. Applications  mllitaires  possibles  :  canon  GATLING,  camyras 
de  ••vision**  de  ••nuU**.  activateurs  pour  torpllles.  composanis 
d' ••nyi icootyres** 

Redaction  Revue 
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Appel  d  offre  britannique  pour  la  capacity  de  comoat  de  nuit  du 
Tornado. 

British  seek  nlghtime  capacilUy  for  Tornado  ground-attacks  Jets. 
Pub)  Icat  ion  en  syne 

VOL  2;  NOS.  p.  23;  1  Phot-;  OP.  1987/11/09 
La  Grande  Bretagne  a  fait  appei  doffre  A  3  firmes  dont  i 
amyncalne  pour  mettre  au  point  un  systyme  de  visye  nocturne 
donnant  au  Tornado  la  capacity  d'ldentifier  et  locaiiser  des 
objectifs  la  nuit.  denvy  du  Lantirn  de  Martin  Marietta  ou  du  nite 
OWL  de  Ford  nu  du  Tiaid  a  'aser  de  Ferranti. 

ENG 

LEOPOLD  G. 

C-88-001746 
Defense  News  (US) 

Conception  des  **hyi icootyres**  appiiquye  A  leurs  opyrations. 
Congrys 

NO  CP-423;  332  0  ;  nomOr  Ref.,  nombr .  Fig,;  nomOr  Phot., 
ang I ai s-f rangai s ;  DP.  1987/06 

Ce  symposium  a  pour  objet  de  passer  en  revue  i  ytat  actuei  de  ia 
conception  des  voi  lures  toumantes  et  de  mettre  en  exergue  les 
pnontys  et  les  omissions  3  points  spycifiques  ytaient  au  centre 
du  probiyme  traduction  des  exigences  r-.quises  en  entyres 
conceotueis.  Avaiuation  des  techniques  jour  tenir  compte  des 
besoms  de  i  utiHsateur  au  niveau  de  la  conception  et  des 
mythodes  d'essai,  identification  des  domaines  d'ytude  ou  les 
pesoins  particuHers  de  I  'utiMsateur  demandent  des 
carac;  'st spycaies. 

Agard  ( f  t- » 
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i_a  reconnaissa'' 'e  automat  laue  de  cib'es  dans  les  systymes 
infrarouges 

Automatic  target  recognition  m  mfraned  systems 
(wymoire  Congrys 

vOL  750.  00  176-242.  ND  Ref.,  Nb  Fig  ,  14  communicat 'ons .  DP. 

1987 

Le  groupe  de  t“avai'  sur  ’Automatic  Target  Recognizer  (atr).  pour 
1  uS  A’,-  La  base  de  donnye  nycessame  pour  i  atr  Evaluation 

des  performances  de  1  atr  Spyci f icat ions  de  i  atr  Le  dyveioooement 
de  1  ATR  en  fonct  Ion  des  impyratifs  de  sycunty  du  programme 
Tempest  pour  yviter  les  fuUes  de  renseignements  L  intelligence 
art’ficieMe  dans  i  atr.l  atr  vu  oa.  Ai.*  Force  et  oar  la 
marine  L  ATR  pour  la  ■•vision*  de  ••nuit**  Les  compagnies 
participant  au  dyveioppement  ;  ‘ugnes.  Northrop.  Texas 
instruments.  Fo'-d  ••Aerospace**  L  ATR  pour  yquiper  les  futurs 
••avions**  en  missm'-  stratygiaue  de  reconnaissance  et  les 


••avions**  de  combat. 

International  Society  for  Optical  Engineering  (uS)  SPIE 
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Systyme  tactiQue  de  simulation  pour  les  missions  de  combat  du 
AH-64. 

AH-64  combat  mission  simulator  tactical  system. 

Mymoire  Congres 

NO  CP  877;  op.  155-164;  2  Ref.;  DP.  1987 

On  aycrit  les  composants  de  ce  systyme,  qui  const itue  le  coeur  du 
sifflulateur  de  mission  de  combat. Sont  prysentys  successWement  :  un 
apergu  gynyral  du  simulateur  qui  compend  4  systymes  de  base 
(ayronef.  navigation  et  communication,  tactique.  instructeur ) ; le 
systyme  de  commanae  de  tlr:le  systyme  de  visionique  (visye  et 
affichage  intygrys  dans  le  casque  du  pilote,  capteur  de  vision 
nocturne,  systyme  d ' acqui s 1 t ion  et  de  dysignation  de  cables, 
indicateur/ty lymytre  laser,  suiveur  de  tache  laser):ie  systyme 
d'armes  (canon  et  missiles,  precision  du  1 1r ) ; 1 'yquipement  de 
capacity  de  survie  et  d'acqulsUlon  des  menaces  de 
I 'environnement ; 1 'ytat  actuei  et  les  ameliorations  futures  du 
simulateur. 

ENG 

DREW  E.:  GEORGE  G. :  KNIGHT  S. 

C-88-001398 

AIAA  PuDl icat ion  CP  (US) 


Nouveiles  des  industries  aeronaut iques  et  spatiates  du  Japon. 

Publication  en  sene 

NO  9-10;  55  p.;  ND.  F1g.;  OP.  1987 

ensemble  d'articles  extraits  de  dlffyrents  pynodiQues  japonais  et 
concernant  ;  la  fusee  H-2:un  systyme  de  vision  nocturne  pour 
i'armye;ie  pcojet  de  station  spatlale  de  la  NASDA-.le  satellite  de 
telecommunication  CS-3:les  experiences  SDatlaies;ie  projet 
q'**avion**  de  compat  FSXila  navette  H0Pe:le  systeme  EMSS  de 
communlcat Ion  des  mobiles  par  satelllte;un  apparell  d'observation 
de  la  crolssance  cristalllne  en  apesanteur; la  recherche  en 
biotechno1ogle:un  AOAC/V  de  50  places  pour  les  lignes 
pygiooaiesiune  alimentation  haute  tension  sans  transformateur  pour 
les  satellites  sdentlf iques:un  moteur  fusee  ayrobie;ies  essais  au 
sol  d'un  systyme  de  commande  tout-yiectronlque  des  moteurs 
d'**avions**  de  combat ;un  ••ny iicoptere**  tyiy9uidy;le  budget 
gouvernementai  pour  les  actwites  en  08;ie  dyveioppement  des 
scramjets ;ae5  dbies  teiyguidees  pour  I'exercice  de  tir  ae 
missMes:un  simulateur  grapMque  pour  visual  iser  des  robots 
spat  1 aux. 

COST-CNRS.  Cellule  Japon  (jp) 

FRE 

C-88-F03496 

Nouveiies  des  industries  aeronaut iques  et  spatiaies  du  Japon  (PR) 


visualisations  sur  casque  pour  forces  aynennes  aguerries. 

Publication  en  sene 

NO  8;  DO.  828-830;  5  Fig.;  DP.  1987/08 

Etude  du  dyveioppement  des  programmes  de  mise  au  point  et  de 
production  oe  co'Umateurs  Oe  pilotage  de  Oeux  societes 
israyiiennes.La  society  Eiblt  chargee  de  la  realisation  des  ecrans 
couieups  et  flonochromes  du  Lavi.  commercialise  le  coilimateur  de 
vision  nocturne  pour  ••heHcoptere**  HALO  et  a  mis  au  point  le 
sysveme  DASH  (Display  and  sight  helmet)  pour  I'armee  de  lair 
israyiienne  La  Society  EL-OP  est  devenue  en  i986  le  principal 
fournisseur  oe  conimateurs  pour  1  *  ••nyi  icopiyre**  de  combat  AH-64. 
FRE 

GILSON  C. 

C-88-F00019 
Tnteravia  Revue  (CH) 

L  accommodat Ion  en  milieu  obscur  mesuree  chez  les  piiotes  de 
chasseurs  A  reaction  oe  l  Ayponavale  amyncalne. 

Dark  focus  measured  in  Nav/  Jet  tactual  fighter  pilots. 

Publication  en  sene 

VOL  59;  NO  2;  DP .  138-141;  23  Ref.;  3  Fig.;  1  Tabl  .  :  OP.  1988/02 
On  ytudie  l  ytat  de  i  accommodation  aans  un  miMeu  obscur. Cher  les 
piiotes  11  existe  en  general  une  myopie  de  0.25  D  seuiement.Ce 
n  est  en  corryiat'on  nl  avec  la  selection  ni  avec  l ’entrainement . 
mais  avec  le  faU  que  ces  piiotes  ont  tendance  a  accommoder 
correctement  pour  la  vision  aes  distances  A  i  obscurity. 

ENG 

TEMME  L  A  ;  RICKS  e.-.  MORRIS  A. 

0M-88-OOO719 

Aviation,  Space,  and  Environmental  Medicine  (US) 


Promotion  des  ventes  aux  forces  armyes  Japonaises  du  systyme 
Hughes  de  vision  nocturne. 

Hughes  to  foster  night  vision  system  sales  to  JOA. 

Publication  en  sene 

NO  868;  DP.  3-4;  QP .  1988/05/16 

Hughes  cherche  A  promouvoir  son  systyme  de  vision  nocturne 
infrarouge  AN/AAO-16  pour  ••avion**,  en  le  vendant  aux  JaponaisCe 
systyme  est  destiny  inuiaiement  A  des  ••ny Hcoptyres**  et 
yquiperait  tous  les  UH-60  J  de  sauvetage  des  forces  aynennes  et 
tous  les  SH-60  J  de  lutte  anti  sous  marine  des  forces  navaies. 
pydaction  Revue 
ENG 

8M'88 -000660 
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Aerospace  Japan  weekly  (jp) 

Livraison  a  Me  Oonneii  Douglas  de  5  prototypes  du  systeme  tins. 
Hugnes  delivering  five  tins  prototypes  to  Me  Donnell  Douglas. 

PuDl icat ion  en  s6rie 

VOL  146;  NO  38;  p.  303;  OP.  1980/05/24 

5  prototypes  de  1'AN/AAR-50  Thermal  Imaging  Navigation  SET;Systeme 
TINS,  dont  le  premier  vient  d'etre  teste  sur  te  prototype  Olplace 
F/A-18  0  d  attaque  nocturne  vlcnnent  d'etre  livres  a  Me  Donnell 
Douglass. La  production  en  serie  est  prevue  pour  lannee 
89.L'AAR-50  est  derive  du  systeme  devisee  Nocturne  Hughes  AAO-16 
instaiie  Sur  ’es  • “nei i copteres* •  de  larmee  ae  terre. 

Redact  ion  Revue 
ENG 

0M-88-OOO5t2 
Aerospace  Daily  iUSi 


L'US  Air  Force  commands  des  simuiateurs  de  lanTIRN. 

Af  exercises  production  option  for  lantirn  simulators. 

Pupiication  en  serie 

VOL  146.  NO  39.  p.  311;  OP.  1988/05/25 

Faisant  jouer  une  option.  1US  Air  Force  a  commanae  quatre 
simuiateurs  de  lantirn.  LOW  Altitude  Navigation  and  Targeting 
Infrared  for  Night  destines  a  des  simuiateurs  de  voi  ae  F-i6.Pour 
19  millions  de  dollars  avec  option  pour  3  syst^mes  suppiementaires. 
Redact  ion  Revue 
ENG 

BM-88-000457 
Aerospace  Daily  { uS  j 


Premiers  ensemoles  de  moder n i sat  ion  des  lunettes  NVG  livres  a 
1  armee  Britannique  pour  ses  •■h6i  icopteres"  Gazelle. 

First  Gazelle  nvG  modification  kits  delivered  to  British  Army. 
Pupiication  en  s^rie 

VOL  9;  NO  10.  p.  466,  1  Pnot . ;  OP.  1988/03/12 
Modal ites  du  contrat  attripue  conjointement  a  alan  MAnn 
He' •copters  et  westiano  pour  la  production  ae  syst^mes  de 
•♦vision**  de  •*nuit**  NVG  Night  Vision  Gogg'es  destines  aux 
•*hei 'copt^res**  legers  pritanniques  a  'a  suite  des  enseignements 
tires  du  conflit  des  Ma ' Ou ires . Programme  similaire  en  cours  pour 
le  LVNX 

Redact  ion  revue 
ENG 

BM-88 -000437 

Jane  s  Defense  weekly  iGB) 

Perspectives  d  amelioration  aes  casques  de  piiotes 

d' ••h^i icooteres**  face  aux  exigences  operat lonnel les  toujours 

plus  nompreuses. 

The  prospects  for  helicopter  Helmet  design  to  meet  rapidly 
expanding  requirements 
Pupiication  en  s^rie 

VOL  17.  NO  3;  DO.  33*38,  4  Fig..  1  Phot.;  resum^  frangais  du 
CERMA;  OP.  1987,'07 

Les  missions  des  ••nei icopteres**  operat lonnel s  oemanoent  une 
meineu''e  navgation,  une  laent  ’  f  icat  ion  plus  sure  des  doles,  une 
commanoe  de  tir  o'us  efficace,  notamment  lors  de  missions 
nocturnes  En  confreoart's  'e  piiote  doit  etre  ^quipe  o'un  casaue 
plus  leger.  m‘eux  fixe  et  offrant  une  mellieure 

vision. L  efficadte  des  missions  est  asujettie  au  port  oe  Jumei'es 
de  nuit  et  visejrs  et  c-:  visuels  de  casques  sans  modification  de 
1  ^quiiipre  et  du  po’ds  du  casque. Le  casque  doit  protegef  ie 
piiote  ’ors  de  menaces  ennemies  (guerre  cnimique.  eclair 
nucieairei  ou  en  cas  d  ec''asement ,  de  plus  la  protection 
acoust-que  et  les  communicat 'ons  aoivent  etre  ameliorees  et  non 

.q  i  m  •  nijpes  . 

ENG 

long  R  J 
BM-e8-0C02i4 
SAFE  journal  ( uS ) 

Coooe'v' 'on  i ndust r ’e ’  1  e  Is'^aei  Etats  unis  pour  systeme  de 
conC'j'te  de  t‘r  qour  • ‘he '  i  coD  t  e^e*  * . 

Israel  US  'o  coproduce  neiicooter  target  in  system. 

OjC ' ' cai ^on  en  ser 1 e 

VCl  '55,  NO  32;  p.  331,  DP  -987/  ’2/21 

p'-ogramme  de  '80  millions  de  dollars  de  coproduction 

'  5rae '  r., -ampr  ’  ca  ’  ne  dj  Night  Targeting  System  NTS  destine  aux 

•  "'e  1  ’  copr  eres  *  *  am-i  Copra  en  service  dans  les  (deux  oayx.C'est  un 

:;'‘og’'a~me  de  i20  syste^'es,  dont  40  qour  Israel 

pedao’-'or'  'evue 

ENG 

BM  88-0‘/OiTO 
je'orse  Da '  1  /  i  .jS  i 


p'oo'emp.s  de  /-S'on  noc*ur''P  DOu^  'es  D‘’otes  du  23af  , 

N'qr*  /is^on  ‘ssjes  'n  23AF 
pjO'dat'or  pn  serip 

/O'.  ’T,  NO  1  DP  i0-’2  ’  P'-Qt  ,  DP  '9S7-’^r 

..PS  ed'i-pages  du  2iAF  sent  scecia'-ses  ..lans  les  m-ss’ens  de 
j  ■  t  ■..  a'’  t  I  r  '  p  dec  <-'♦  'or,  caracter'st'  d>.ies  des  •  'av  i  ons  *  • 

,t-  -ses  'es  D"or.'*mes  des  unottes  de  v‘s''  '  nocT^me. 
d  po'y  ^  (ppemenf  ae'^'or.  d  e'''ra’  nempn  t  ,  de  sec  ir*re  et  d  aptit  jde 
L'Opres  au  /BAS’ 

E  NO 


HAMMER  D.  L. 

BM-88 -000159 
SAFE  Journal  (US) 


Les  Jumeiles  de  ••vision**  de  ••nuit**. 

Pupiication  en  s6rle 
NO  167;  p.  23;  OP.  1987/03 

L  utilisation  des  Jumelies  de  ••vision**  ce  ’“nuit**  se  aeveioppe 
dans  les  armies  frangaises.A  la  suite  d'acddents  survenus  i  des 
••nei icopteres** .  i 'on  peut  faire  quelques  recommandat ions :  la 
repartition  des  tacnes  au  sein  de  i 'equipage,  une  reconnaissance 
attentive  de  l 'environnement  avant  de  se  poser,  une  appreciation 
correcte  des  (nouvements.  une  attention  toute  particuliere  aux 
risques  d'6D‘ouissement  et  enfin  une  attention  aux  modifications 
des  conditions  de  visipiiite. 

FRE 

MAURICE  E. 

BM-88-F00047 

Bulletin  de  Securite  des  vols  (FR) 


Les  Apaches  ah-64a  constituent  un  melange  de  technologies 
d'eiectronique  et  de  cellule. 

AH-64A  Apaches  represent  Dlend  of  electronic,  airframe 
technologies . 

Pupiication  en  serie 

VOL  127;  NO  3;  Op.  72-73,  75;  1  Fig.;  2  Phot.;  DP.  1987/07/20 
Presentation  des  caracter i st iques  et  deJ  performances  du  systeme 
de  ••vision**  de  •*nuit*".  et  d ' acqu 1  si t ion  et  designation  de 
clpie,  aeveioppe  par  Mart’n  Marietta  par  les  manoeuvres,  les 
operations  tactiques  et  i  assistance  ^  i  atterrissage.  ae 
1 ' ••hel icoptere**  Apache  ah-64A  produit  par  Me  Donnell  Douglas 
DOur  I'US  Army  et  destine  aux  operations  dans  des  conditions 
met eoro log iques  aefavoraples  ou  en  vol  de  nuit 
ENG 

SCOTT  W.  B. 

C-87-011525 

Aviation  week  and  Space  Technology  (US) 


France  ;  croissance  de  I'lnaustrie  a  “hei  icopteres** . 

Frances  growing  helicopter  industry, 

Pupiication  en  s6rie 

VOL  7:  NO  22;  Dp.  1123,  1127.  1129.  1131;  i  Fig,;  7  Phot.;  DP 
1987/06/06 

Situation  de  la  France  et  ae  i ' ••A^rospat -aie**  sur  le  marche 
mondial -Projets  et  programmes .Apergu  de  ’a  production  de  systemes 
d'armes  guidees.  ae  missiles  de  systemes  mfra-rouges  et 
eouipements  ae  ••vision'*  ae  ■■nuit**. 

ENG 

BEAVER  P. 

C-87-009013 

Jane's  Defence  weekly  (G0) 


L'eauipement  optronique  imageur  en  France 
Optronic  imaging  equipment  in  France. 

Pupiication  en  s^rie 

VOL  11;  NO  5;  pp.  34-39;  20  Phot.;  DP.  1987/05 
La  France  fait  partie  actuellement  des  queiques  pays  entierement 
autosuff  isants  dans  le  domaine  de  la  reconnaissance  et  du  tir  l<* 
nuit  ou  dans  des  conditions  de  mauvaise  visi Pi 1 i te . L ' equi pement 
optron»Que  utilise  les  deux  techniques  d ’ intens i f icat ion  de  la 
tumiere  residueiie  et  de  la  detection  des  emissions  infrarouges 
des  ciples  On  decrit  id  les  equlpements  produits  par  differentes 
sodetes  aussi  pien  pour  les  ••hei  icopteres** .  les  cnars  ou  les 
soldats  d'infanterie 
ENG 

GULMAIN  A. 

C -87-009665 

Miiltarv  Technology  ( OE i 


Systeme  mfrarouges. 

Infrared  systems. 

Memo  ire  Congres 

pp.  177-212,  1  Ref.;  npres  Fig.;  nqres  Tad  ;  npres  Phot.;  4 
communications.  OP  1904 

Une  revue  des  contremesures  infrarouges  :  attiranire  du  missile  en 
vue  de  sa  destruction,  diverses  methodes  de  '■edu-rtion  de  signature 
IR.  leurres  et  trompede,  envoie  de  fausses  i  nformat  ions .  Systemes 
a  laser  (capteur  de  navigation  doppier.  aitimetre,  guidage  de 
missile)  ;comoara'son  entre  les  radars  '  ’sers  et  les  radars 
nyoerfrequences-Oeveioopement  d ’ un  systeme  de  ••vision**  de 
••nuit**  pour  • ‘ne 1 i copt er e* * . I mager 1 e  tnermique  techno'ogie 
actueiie  et  progres  futur 

The  convention  of  national  societies  of  electrical  engineers  of 

western  Europe 

ENG 

C-87-008652 


Compte  rendu  du  24e  congres  annue’  de  i  Assoc'ation  safe 
Congres 

300  D  .  npr  Ref  .  npr  Fig  ,  DP  ’986 

Recue’i  de  memoinos  concemant  les  o'^oD'emes  de  s^curit<i  ee  voi 
ips  s’Ages  ejectapies,  'a  to'^ranre  a  i  acce ’ er at i on .  tes  systemes 
d  aoandon,  les  namais  de  securMW,  'es  parachutes,  'a  •♦v’sion** 
qe  •'ntj‘t**.  '**5  equlpements  anri  g,  la  protection  des  cassager*; 
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centre  ia  fgm^e  et  ie  feu,  la  protection  centre  les  agents 
cnifniQues.  la  perte  oe  conscience  en  vol.  les  syst6mes  de 
communication  avec  i 'Equipage,  un  programme  pour  un  cockpit  de 
technoiogie  avanc^e.  des  syst^mes  pouvant  assurer  la  survie  de 
I 'Equipage  etc. 

SAFE  Association  (US) 

ENG 

C-87-(X)7779 


Etude  d^tain^e  des  tests  flIR  ^quipant  le  Rockwell  OV-iOD  Bronco 
des  Marines  am6ricains. 

Testing  flir  apoard  the  OV-ioo, 

Pupiication  en  serie 

7;  VOL  9;  pp-  385.  386;  2  Pnot . ;  OP.  1987/03/07 

Etude  detainee  de  la  nature  et  des  resuitats  des  tests  du  syst^me 

flir  6quipant  le  Rockwell  Ov-ioo  Bronco  de  L'US  Marine  Corps. 

ENG 

BROWN  0. 

C-87-005592 

Jane's  Defence  Weekly  (GB) 


Le  “Surrogate  Trainer-  (substitut  dentralnement )  de  la  socl^t6 
Northrop  :  un  simulateur  ^conomlque  a  technoiogie  6volu6e. 
Northrop's  Surrogate  Trainer  :  low-cost,  nigh  technology  simulator. 
Memol re  Congres 

NO  29;  pp.  67-92;  7  Fig..  7  Phot.;  DP.  1985 

Presentation  o'un  produU  spfeci f iquement  dfeveioppe  par  la  societe 
Northrop  pour  permettre  aux  piiotes  d'acquerir  le  niveau 
operationnei  n^cessaire  i  une  utilisation  efficace  des  capacltes 
tout  temps  de  r ••h6l icopt^re**  AH-64A  Apacne  et  de  ses  armements 
sophist iqu6s . Pour  I'essentiei  ce  simulateur  est  oPtenu  par 
installation  sur  un  h^llcopt^te  TH-AS  Copra,  dun  capteur  de 
••vision**  de  ••nuit**  pour  le  pliote  i  1 ' instruct  ion. 

ENG 

DOTEn  F.  S 
C-87-005551 

SETP  ANnual  Symposium  (US) 


Syst^mes  de  vision  d ' ••he) icopt^res**  months  Sur  mit . 

Helicopter  mast-mounted  sights. 

PuPi icat ion  en  s^rle 

VOL  71;  NO  424;  pp.  28-30;  9  Ref.;  3  Phot.;  OP.  1987/01 
Presentation  du  programme  ahip  -  Advanced  Helicopter  improvement 
Program  -  de  I'arm^e  de  terre  am^r icame. Point  des  Etudes, 
recherenes  et  d^veiopoements  poursuivis  dans  les  pays 
europ^ens . F 1 rmes  concern^es. 

ENG 

SHAKER  S.  M. 

C-07-004984 

Nat lonai  Defense  (US) 


Systdmes  destines  aux  piiotes  :  technoiogie  avancee  pour  la 
commande  et  la  visualisation. 

Crew  systems/advanced  control/display  technology. 

Memol re  Congres 

NO  96CH  23598;  pp.  167-182;  npr ,  Ref-:  npr ,  Fig  ;  3 
communications;  DP  1986 

Systemes  de  visualisation  integres  au  casque  avancesLe  "panneai 
de  visualisation  de  conseii  et  de  prudence"  afficne  a  I'aide  de 
cristaux  Hquides  de  fagon  fiabie.  parfaitement  visible  et  sans 
amp igu i te - Arch  1 tecture  d  un  prpcesseur  de  visualisation  avance 
Institute  of  Electrical  and  Electronics  Engineers  et  AIAA  (US) 
ENG 

C-87-004448 


Les  piiotes  de  i  armee  de  terre  des  USA  s’entrainent  sur  un 
simulateur  prototype  de  combat  sur  AH-64A 

Army  pilots  train  in  prototype  AH-64A  compat  mission  simulator 
Publication  en  serie 

VOL  125;  NO  10.  Dp.  113.  115-117,  119;  1  Fig,;  2  Pnot,;  OP. 
1986/09/08 

Oeouis  f^vrier  1986  le  simulateur  de  combat  sur  AH-64  Apache, 
install*  dans  i  usme  de  Kirkwood  de  la  socl6t6  Link,  est  utiMs6 
comme  prototype  par  les  piiotes  et  co-pnotes  de  I'US  Army. La 
decision  de  production  en  s^rie  est  esD6r6e  par  le  constructeur 
pour  la  fin  de  1  aon^e  i986.Ce  simulateur  comporte  deux  cabines. 
utiiisapies  individuei lement  ou  en  commun.  assistdes  par  une 
informal ique  compiexe  et  importante  (9  unites  de  traltement 
principaies  Perkin-Einer  3250  et  29  processeurs  auxi  Malres ;  tous 
de  32  pits  fonctionnant  en  paraiieie  avec  synchronisation 
g^n^raip}  II  permet  de  nompreuses  simulations  oo6rat tonne) les 
(designation  et  acquisition  de  c i D ) es . * •v i s ion**  de 
• ‘nu 1 1 •• . env i ronnement  e 1 ect ron i que ; 1 ancement s  de  missiles 
Heiifire.  de  roquettes  de  2.75  pouces  et  dobus  de  30 
ml M im^tres icoups  au  but  Sur  les  cipies  adverses  et  d^gats 
provoques  par  ’eurs  r’oOStes). 

ENG 

stein  k  j 
C-87'000816 

Aviation  week  and  Space  Tecnnoiogy  (US) 


Le  combat tant  et  son  env ' ronnement 
Memo  ire  Congres 

DO  169.  nQr  Fig  .  obr  Phot  .  DP  1987/11 


13  exposes;  t/Intro0uctlon.2/L' Integration  des  facteurs  humalns 
dans  les  systemes . 3/L ' homme  face  aux  facteurs  de  1 'env i ronnement 
spatial .4/L'homme  et  i ' env 1 ronnement  spatial;  contraintes  et 
possipl 1  lies. 5/Modif Icat ion  du  systeme  osseux  en  apesanteur.6/Les 
accelerations  des  ••avions**  de  combat  de  la  nouveiie 
generation.7/Ert'  6cosysteme  clos:  le  sous-marin  nucieaire  lanceur 
d'engins.B/La  plongee  profonde  humaine. 9/Performance,  variabilite 
et  fiabiiite  de  i'op6rateur  humaln  dans  la  conception  du  char 
futur.io/Les  d6veioppements  de  techniques  nouve-lles.  un  moyen  pour 
ameiiorer  I'adaptation  ergonomie  des  engins  Dli-nd6s.il/Etude  des 
performances  psychomot rices  et  de  I'effldence  d'operateurs  de 
bl ind6s. 12/Mission  des  •*h61 icopteres**  en  climat  chaud. l3/Vis1on 
nocturne  et  champ  de  batai 1 le. l3/Ergonomle  des  equipements  de 
protection. 

Delegation  66neraie  pour  l 'Armament  (DGA) 

FRE 

METZ  8.:  C06LENT2  A.;  PESOUIES  P.;  VIEILLEFOSSE  M. ;  CHAPPARD  D. 
C-87-F02087 


Le  piiote  qui  volt  linvisible. 

Publication  en  serie 

NO  832;  pp.  84-93.  154;  1  Fig.;  8  Phot.;  DP.  1907/01 

Dans  les  bureaux  detudes  amerlcains.  d' incroyables  projets  sont 

en  train  de  voir  le  Jour.lls  ont  tous  pour  but  de  fournir  au 

piiote  une  meiileure  perception  de  la  situation. une  nouveiie 

discipline  est  nee.  la  visionique,  qui  r6voiutlonne 

1 ' ••aeronaut ique**  au  meme  litre  que  I'avenement  du  reacteur  ou 

1 ' introouct ion  des  commandes  de  vol  electriques. 

FRE 
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Visual  protection  and  enhancement. 

Protection  visuelle  et  amelioration. 

L'ODJet  de  ce  symposium  a  ete  double. Premierement ,  la  discussion 
des  technologies  actuelles  et  a  venir  en  matiere  de  protection  de 
la  vueOestinee  a  un  equipage  d'avion  cette  protection  aoit 
couvrir  des  risques  d' impact  et  de  radiation  non  ionisante  et 
resoudre  des  proDlemes  d' integral  ion  au  cockpit  .Oeuxierriement .  ont 
ete  consideres  les  moyens  dameliorer  la  vision  pour  le  recours 
aux  lunettes  de  ••vision**  de  ••nuit**  (nvgs).  ou  a  des  systemes 
de  visualisation  infra-rouge  (flir).  ©u  encore  a  oes  televisions  a 
lumiere  faipie  (iitv).La  encore,  oes  probiemes  o' integral  ion  en 
cockpit  Ou  o'utnisation  conjointe  de  ces  oispositifs  ont  ete 
sou  I  eves . 

NP.  248:  AGARO;  CP  379;  DP.  12/85 
ENG 
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Night  vision  viewing  system. 

Systme  de  visee  et  ••vision**  oe  ••nuit**. 

Etude  decrivant  des  systemes  de  vise©  pour  **vi5ion**  de  •*nult** 
et  plus  part  icul  lerement  un  dispositif  comprenant  uh  casque  et  des 
lunettes  de  ••vision**  de  ••nuit**  selon  un  arrangement  original 
devant  eliminer  les  probiemes  nabitueis  d' integral  ion  en 
environnement  cockpit  d'avion  a  naute  performance.Apres  une  Preve 
description  des  systemes  existants.  il  est  fait  une  enumeration 
des  elements  const itutifs  de  i  apparel i  sous  les  aspects  de  sa 
simpiicite  d'ut  1 1  isat  ion.  ses  perforimances  et  de  son  aspect 
compact.il  est  destine  plus  part icul lerement  aux  avions  de  chasse 
de  I 'armee  de  I’air. 

ELLIS  STAFFORD  M, 

NP.  14;  FIG-  11;  OP.  04/10/80 
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Use  of  color  erts  in  aircraft  cockpits;  a  literature  search. 
Utilisation  des  tubes  a  rayons  cathodiques  couieur  dans  des 
cockpits;  une  revue  oe  1  literature. 

une  revue  de  1  literature  est  conduite  pour  evaluer  I'utilite  et  la 
faisapiiite  de  I'empioi  de  tubes  a  rayons  cathodiques  couieur  dans 
le  cockpits  d'avion  militalre.On  presente  un  guide  pour  la 
notation  des  couleurs;  on  note  les  effets  de  contraste. 
saturation,  nompre  de  couleurs.  repartition,  avert isseur . Les 
avantages  sur  le  temps  de  recherche,  charge  de  travail,  avis  0. 
piiote.  reduction  d'erreurs.  rapidite  de  reponse.  visipiMte  son* 
soul ignes ■ Les  inconvenients;  mauvais  usage  des  couleurs.  puissance 
utiiisee.  difficgite  de  ••vision**  de  ••nuit**,  deficience 
rouge-vert,  sont  revus.On  conclut  sur  ie  benefice  potentlel 
attendu.  les  probiemes  pouvant  seliminer  par  des  progres 
technoiogiques. 
hale  S  L.;  BILLMAVER  H.  J. 
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Visual  characteristics  of  LED  displays  pushbuttons  for  avionic 
appi Icat Ions 

Programmable  LEO  matrix  distiay  pushbuttons  may  great’y  increase 
the  performances  of  the  comouter  based  avionic  systems  Switches' 
number  In  a  control  panel  can  be  '“educed  by  a  factor  of  ten  or 
more  This  leads  to  a  reduction  in  weight  and  size  of  the  control 
Instrumentations  and  in  shorter  response  time  of  pHotS.The 
authors  deal  with  the  study  and  the  optimization  of  visual 
performances  of  these  displays  m  a  configuration  reduiring  a  low 
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power  consumption  and  ••night**  ••vision**  goggles  (NVG) 
compatipl 1 ity.VisiPi 1 ity  problems  may  raise  in  nigh  ambient 
Illumination  that  predominate  with  the  sun  behind  the 
pi  lot .Another  critical  condition  is  the  Sun  In  front  of  the 
pi  lot .Display  performances  and  contrast  enhancement  filter 
characteristics  have  been  optimized  to  find  a  compromise  between 
these  two  extreme  ambient  conditions 
VOL.  1456;  PP.  300-9:  10  Ref.;  OP.  1991 
ENG 

Proc.SPIE  -  Int.Soc.Opt.Eng.(USA);Proceedlngs  of  the  SPIE  -  The 
International  Society  for  Optical  Engineering 
Conference  paper 
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The  changing  world  of  avionics 

The  article  examines  the  early  history  of  avionic  instruments, 
then  considers  the  development  of  Instruments  for  and  methods  of 
navigation,  and  of  weapon-aiming  systems. Possible  future 
developments  are  then  considered-head-down  displays,  flat-panel 
displays,  and  equipment  for  night  operations  including  head-up 
displays,  helmet-mounted  displays  and  ••nlght**-**vlslon**  goggles 
VOL.  24;  NO.  3:  PP-  78-85;  3  Ref . :  OP.  April  1991 
ENG 

Meas. Control  (UK) : Measurement  and  Control 
Journal  paper 
BARLING  G.  M. 


B9 1042454 

New  Image  intensifiers  provide  dearer  picture 
Image  intensifiers  now  coming  into  service  in  Europe  provide 
remarkable  high  performance. The  devices  offer  night  military 
vehicle  driving,  weapon  sighting  and  nap-of-the-Eartn 
••he) icopter**  operations  as  well  as  all  types  of  night 
survei 1  lance. The  technology  used  has  gone  through  a  number  of 
significant  stages,  and  these  latest  systems  are  known  as  the 
third  general  Ion. Th is  represents  an  enormous  advance  over  the 
original  systems.  Doth  in  terms  of  performance  and  in  reduced  size 
and  weight 

VOL.  45:  NO.  7;  PP.  95-7;  OP.  March  1991 
ENG 

Signal  (USA);Signai 
Journal  paper 
BOYLE  0. 
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Pilot  **night**  **v1sion**:  human  factor  problems 
••Night**  ••vision**  goggles  nave  the  advantages  of  being  simple 
and  reliable  and  offering  a  natural  view  of  the  outside  world, 
albeit  one  which  differs  from  daylight  vision  in  significant 
ways . Exper lenced  operators  agree  mat  a  high  level  of  training  and 
a  thorough  understanding  of  the  limitations  of  NVGs  are  essential 
quailf icat lons. The  difficulties  for  fast-jet  pilots  are  much  the 
same  as  for  **hel icopter**  pilots  The  prevailing  view  is  that  NVG 
pilots  should  be  selected  carefully  taking  into  account  their 
experience,  psychological  make-up.  willingness  to  take  on  the 
commitment  of  extended  night  operations,  and  physical  condition 
(excellent  •*n1ght**  ••vision**  being  a  pre-eminent 
requ 1 rement ). Among  the  shortcomings  Of  Current  NVGs  are  a 
restricted  f ieid-of-view  and  comparatively  poor  resolution. The 
kind  Of  terrain  flown  over  also  affects  nvG  performance 
VOL.  24.  NO.  1,  PP,  65-7;  9  Ref.:  OP,  Jan.  1991 
ENG 

Int  Def . Rev .( Sw 1 tzer 1  and ); Internal  Iona  1  Defense  Review 
journal  paper 
ROBINSON  A. 

091021493 

Resolution  and  signal -tO-no1se  measurement  US  Army  ••night** 
••vision**  goggles 

fhe  ability  to  quant  1  tat  ivei  y  charact®'*  ’  ze  the  performance  of 
••night**  ••vision**  goggles  (NVG)  is  nvtst igated . The  controversy 
concerning  the  increase  in  commercial  ai",d  military  ••hel  icopter** 
accidents  involving  nvG  indicates  a  need  to  determine  if  the  use 
of  defective  or  marginal  NVG  is  a  contributing  factor  to  the 
increase  in  accidents,  or  the  apparent  correlation  between  NVG  and 
accidents  is  simply  due  to  the  increased  use  of  nvG  in  an  expanded 
and  inherently  more  dangerous  flight  envelope. The  US  Army  TMDE 
Support  Group  has  developed  instrumentation  to  augment  the  an/3895 
tS  test  set  which  features  a  custom  electronic  circuit  which 
provides  a  user-f r iena l y  interface  between  a  commercially 
available  CCD  camera,  monitor  and  oscilloscope 
VOL  1290.  PP  206-15:  0  Ref  .  OP.  i990 
ENG 

Proc  SPIE  '  Int  Soc  Opt  Eng  ( USA  I  . Proceed  1 ngs  of  the  SPIE  -  The 
Internal ‘onal  Society  for  Optical  Engineering 
Conference  paper 
PIVAMONTE  A 

991021491 

fundamental  monocu  1  ar ,/ b  1  nocu  1  ar  hmo  ngman  factors 

five  'aboratory  studies  were  conducted  'n  order  to  estab-ish  image 

alignment  ^oie'*ances  ^or  wide  fie'd  of  view 

monocu  1  ar 'b 'ocu  1  an b  1  nov:u  1  a-"  helmet  mounted  displays  (hmoi  Apacne 
• 'he  '  '  coot  er  •  •  I'ype  product 'on  mMO  oculars  were  used  by  ••night** 
••v's'on**  trained  Di'OtS  * the  studies,  the  results  of  wnlcn 


underscore  the  operational  advantage  of  maintaining  one  dark 
adapted  eye.  and  quantify  the  pilots'  perceptual  sensitivities  to 
display  system  sources  of  binocular  misalignment 
VOL.  1290:  PP.  185-91;  5  Ref.:  DP.  1990 
ENG 
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Human  factors  and  safety  considerations  of  **nlgnt**  **vislon** 
systems  flight  using  thermal  Imaging  systems 
Military  ••aviation**  ••night**  **vislon**  systems  enhance  the 
aviator's  capability  to  operate  effectively  during  periods  of  low 
Illumination,  adverse  weather,  and  in  the  presence  of 
cM)scurants. Current  fielded  systems  allow  aviators  to  conduct 
terrain  flight  during  conditions  wi>'ic;>  would  be  extremely 
dangerous,  if  not  impossible,  using  only  unaided  vision. In 
••night**  ••vision**  systems,  trade-offs  are  made  that  enhance 
some  visual  parameters  and  compromise  others. The  mounting  of  the 
visual  displays  onto  the  aviator's  helmet  provokes  concern 
regarding  fatigue  ana  crash  safety,  due  to  increased 
head-supported  weight  and  shifts  in  center-of-gravlty. Human 
factors  and  safety  issues  related  to  the  use  of  thermal  **night** 
••vision**  systems  are  identified  and  discussed. The  accumulated 
accident  experience  with  u.S.Army  AH-64  ••helicopters**  equipped 
with  the  thermal  Pilot's  ••Night**  ••vision**  System  ana  the 
Integrated  Helmet  and  Display  Sighting  System  is  briefly  reviewed 
VOL.  1290;  PP.  142-64;  40  Ref.;  DP.  1990 
ENG 
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691021487 

The  development  of  an  aviators  helmet  mounted  ••night**  ••vision** 
soggle  system 

HeiiT«t  mounted  systems  (HMS)  must  be  lightweight,  balanced  and 
compatible  with  life  support  ana  head  protection  assempi les.The 
authors  discuss  the  design  of  one  particular  hmS.  tne  GEC  Ferranti 
NlTE-(jp/NIGHTBIRD  aviator's  ••night**  ••vision**  goggle  (NVG) 
developed  under  contracts  to  tne  Ministry  of  Defence  for  all  three 
services  In  the  united  Kingdom  (UK)  for  Rotary  Wing  and  fast  Jet 
••aircraft** .The  exist ing  equipment  constraints,  safety,  human 
Factor  and  optical  performance  requirements  are  discussed  before 
the  design  solution  is  presented  after  consideration  of  these 
material  and  manufacturing  options 
VOl.  1290;  PP.  128-39;  9  Ref.;  DP.  1990 
ENG 

Proc.SPIE  -  Int .Soc.Opt . Eng. (USA) ;Proceedings  of  the  SPIE  -  The 

International  Society  for  Optical  Engineering 

Conference  paper 

WILSON  G.  H. :  MCFARLANE  R.  J. 
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Requirements  of  an  HMS/0  for  a  night-flying  ••helicopter** 

••Hel IcoDter**  pilots  prefer  for  the  night-flying  tasks  a 
Combination  of  electro-optical  sensors  with  different  physical 
principles  in  the  infra-red  (IR)  and  in  the  near  IR  spectrum; 
thermal  imager  (TI  or  FLIR).  ••night**  ••vision**  goggles  (NVG)  or 
low  light  level  television  (LLLTV).The  limits  of  these  three 
sensors  are  in  extreme  darkness  with  less  than  1  mLux  illumination 
or  in  Heavy  rain,  fog  or  snow  with  temperature  differences  below 
0.1  K  or  with  cross-over  effects,  respect ively. The  authors 
describe  operational  requirements,  human  engineering  aspects  and 
the  requirements  of  an  integrated  light-weight  helmet  with  two 
NVG-tubes  and  two  CRTs  to  display  superimposed  nvG  and  TI  images 
with  flight  symbologies 
VOL.  1290;  PP  93-107;  9  Ref.;  DP.  1990 
ENG 
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891021482 

Use  of  holographic  optical  elements  in  HMDs 

Holographic  optical  elements  (hOEs)  are  very  appropriate  for  the 
construction  of  helmet  mounted  displays  (HMDs). The  low  weight  anq 
the  compactness  of  HOEs  allow  for  a  design  which  meets  the 
mechanical  specifications  of  a  helmet  much  better  tnan  a  design 
with  classical  optical  components. If  tne  HOEs  are  recorded  m 
dichromated  gelatin,  special  precautions  have  to  be  taken  to 
Obtain  humidity-resistant  HOEs  ana  to  ensure  tight  adhesion  of  the 
gelatin  to  the  plastic. The  influence  of  deformations  of  tne 
Substrate  material  on  the  image  quality  has  to  be  also 
considered  In  order  to  find  solutions  for  these  problems.  OCG 
holograms  were  recorded  on  the  po i ycarbonat e  visor  of  holographic 
••night**  ••vision**  goggles  ( hnvG 1  Var lous  recording 
configurations  have  been  analyzed 
VOL  1290.  PP  70-80.  3  Ref  .  DP  1990 
ENG 
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LOW  light  level  television  systems  in  helmet  mounted  displays 
Characteristics  of  low  light  level  television  are  discussed  in 
comparison  with  ••night**  **v1sion**  goggles,  with  applications  in 
••aircraft**  and  more  specific  in  a  helmet  mounted  vision  system. A 
prlef  report  is  given  of  investigative  work  that  must  result  in  an 
airporne  LLLTV  with  enhanced  imaging  capabilities  under  typical 
operat lonal  circumstances 
VOL.  1290:  PP.  60-9;  4  Ref.;  OP.  1990 
ENG 
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The  development  of  the  combiner  eyepiece  ••night**  ••vision** 
goggle 

The  combiner  eyepiece  ••night**  •*vlslon**  goggle  (NVG>  gives  the 
pilot  a  direct  view  of  the  head-up  display  (huO)  and  cockpit 
instruments  which  is  optically  combined  with  the  intensified 
Image. The  cockpit  instruments  and  HUO  are  compatible  with  the  nvG 
and  are  invisible  to  the  NVG. The  development  of  a  combiner 
eyepiece  NVG  from  initial  concept  through  to  production  is 
discussed  including  design  considerations,  trade  offs  and 
enhancements  to  the  operation  of  the  device. The  further 
development  of  the  combiner  eyepiece  NVG  into  a  fully  integrated 
ejection  safe  ••night**  ••vision**  helmet  is  also  described 
VOL.  1290;  PP.  16-29;  8  Ref.;  DP.  1990 
ENG 
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8-52  ••night**  **vlslon**  goggle  head-up  display  development 
The  Strategic  Air  Command  has  endorsed  the  use  of  ••night** 
••vision**  goggle  nead-uo  display  (NVG/HUDJ  systems  for  their 
conventional  mission  B-52G  **3 i rcraf t •• . Thi s  system  displays 
flight  and  navigation  information  onto  a  combiner  glass  which  is 
mounted  to  one  of  the  NVG  objective  lenses. This  allows  the  pilot 
to  have  an  'eyes  out'  orientation,  thereby  decreasing 
communication  and  workload,  and  increasing  mission  safety, 
situational  awareness,  and  mission  effect iveness . The  authors 
reconstruct  the  development  history  of  the  nvG/huD  system,  and  its 
incorporat Ion  into  the  0-52  airplane 
VOL.  1209:  PP.  63-71;  2  Ref.;  OP.  1990 
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The  changing  world  of  avionics 

A  brief  history  of  the  author's  Company  introduces  a  review  of  the 
evolution  of  combat  ••aircraft**  instrumentation,  navigation, 
weapon  aiming  systems  and  ••night**  ••vision**  capabU i t les . The 
prospects  for  forthcoming  head-down  displays,  fiat  panel  displays 
and  night  attack  systems  are  assessed 
VOL.  6;  NO.  1:  PP  3-14;  3  Ref.;  OP.  1990 
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Compatibility  of  ••aircraft**  cockpit  lighting  and  image 
1 ntensi f icat Ion  night  imaging  system 

Night  Imaging  systems  based  on  Image  mtensif icat ion  (I  sup  2) 
tupes  are  a  major  factor  in  tne  night  operation  capability  of 
military  **31 rcraf t •• . A  major  problem  associated  with  the  use  of 
these  systems  is  the  detrimental  effect  on  performance  caused  by 
Internal  cockpit  Mgnt  ing,  Instrument  lamps,  caution  lamps,  utility 
lights,  and  other  light  sources  Inside  the  cockpit  activate  the 
automati'-  gain  control  circuits  of  the  intensification  tubes, 
thereby  reducing  their  sensitivity  to  external  natural  and 
artificial  1 llumlna'lon. In  1986.  a  trl-service  specification. 
MIL-L85762.  'lighting,  ‘‘aircraf t**.  Interior,  ••night** 

••vision**  Imaging  system  compatible',  was  adopted  to  resolve  tne 
cockpit  lighting  problefw  MlL-L-85762  defines  the  measurement 
instrumentation  and  techniques  required  to  certify  lighting 
components  as  '••night**  ••vision**  imaging  system  (NVIS) 
compat ipie' 
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Low-level  night  flying  tests  imaging  sensors 
The  United  States  Army's  requirement  for  low-level  night 
••helicopter**  operations  has  led  to  sensors  that  include  image 
mtensif lers  operating  in  the  near  infrared  as  well  as  thermal 
Imagers  operating  in  the  8  to  12  micron  region. To  a  large  extent, 
these  **night**  •♦vision**  systems  were  driven  by  available 
technologies  with  no  dear  data  then  available  for  optimum  sensor 
designs  to  aid  the  pi  lot. a  laboratory  has  developed,  a  night 
pilotage  research  system  being  flown  on  a  test  bed  **alrcraft** 
from  Fort  Belvoir's  Davidson  Army  Airfield. A  fleet  of  various 
•*hel icopters**  supports  the  laboratory's  developmental  programs 
to  determine  the  system  requirements  for  enhanced  night  and 
nap-of-the-earth  flying. An  advanced  pilotage  system  based  on 
revolutionary  approaches  to  night  flying  is  expected,  to  operate 
with  dual-spectrum  and  advanced  sensors  and  displays  that  win  pe 
part  of  a  second-generat Ion  rotorcraft  pilot's  associate  program 
vOL.  44;  NO.  9;  PP.  89-90.  92.  94.  96-7;  0  Ref.;  DP.  May  1990 
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The  Navy'S  new  electronic  look 

Certain  trends  are  evident  in  recent  Navy  **alrcraft**  electronic 
update  programs.For  example,  increased  night  combat  capability  is 
one  envious  trend. Recent  fieidings  of  'night  attack'  models  of  the 
F/4-18C/D  and  tne  AV-8B  •♦night**  ••vision**  ••aircraft**  have 
been  followed  by  the  addition  of  forward-looking  infrared  (FlIR) 
to  other  ••aircraft •*. Second! y .  new  contract  awards  also  point  to 
the  wider  prol i f erat ion  of  electronic  countermeasure  systems. And. 
sophisticated  electronic  ••aircraft**-! ike  Grumman's  E-2C 
'Hawkeye' -are  gaining  new  supporters  as  they  prove  their  worth  in 
the  military's  expanding  role  in  the  war  on  drugs . F Inal  1 y. 
specialized  training  devices  are  growing  in  importance  in  direct 
correlation  to  other  electronic  upgrades 
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Design  and  evaluation  of  a  cockpit  display  for  hovering  flight 
A  simulator  evaluation  of  a  cockpit  display  format  for  hovering 
flight  Is  described. The  display  format  is  based  on  the 
position-veiocUy-acceieration  representat ion  similar  to  that  used 
In  the  Pilot  "‘Night**  ••vision**  System  in  the  Army  ah-64 
••hel icopter**. By  only  varying  the  nature  of  the  display  law 
driving  the  'primary'  indicator  in  this  format.  I.e.the 
acceleration  symPoi.  three  candidate  displays  are  created  and 
evaluated. These  range  from  a  status  display  in  which  the  primary 
Indicator  provides  true  acceleration  information,  to  a  command 
display  in  which  the  primary  Indicator  provides  flight  director 
Information. Simulation  results  indicate  that  two  of  the  three 
displays  offer  performance  and  handling  qualities  that  make  them 
excellent  candidates  for  future  ••nel icopter**  cockpit  display 
systems 
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Computer  generated  Imagery  for  model  testing 
The  US  Army  CECOM  Center  for  ••Night*"  ••Vision**  and 
Electro-Optics  (C  sup  2NVE0)  has  originated  a  facility  for 
co"®uter-generat Ion  of  realistic  environments  with  atmospheres  for 
thermal  Imagery  with  optics  and  noise  (CREATION) . Its  application 
to  produce  imagery  for  two  visual  test  series  is 
discussed-Panoramlc  views  of  synthetic  generic  landscapes,  with 
different  degrees  of  clutter  and  inserted  tanks,  were  produced  for 
a  search  experiment .Close-up  thermograms  of  vehicles  were 
processed  to  simulate  the  impact  of  different  thermal  detector 
organizations,  then  used  to  analyze  sampling  effects. The  methods 
of  generating  synthetic  Imagery  chosen  for  these  two  tasks  are 
compared  to  software  that  is  readily  available  and  reasons  for  the 
particular  choices  are  given 
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Incorporat Ing  dynamic  field  of  view  information  to  design  the 
next -generation  Black  Hawk  ••helicopter**  cockpit 
Changing  flight  tactics  and  increased  use  of  ••night**  ••vision** 
goggles  has  focused  attention  on  the  limited  field  of  view  (FOV) 
of  the  Army  UH-60A  Black  Hawk  ••hel Icopter ••. To  improve  the  FOV  in 
the  next  generation  Black  Hawk,  the  US  Army  asked  an  independent 
contractor  to  investigate  the  problem  and  c'opose  al ternat ives . The 
study  Involved  a  comprehensive  review  of  army  requirement 
documents,  existing  FQv  studies,  and  accident  data. Close  attention 
was  given  to  dynamic  flight  character  1st ics  that  affect  fqv.aiso. 
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the  study  team  collected  technical  data  related  to  military  rotary 
Ming  design,  administered  a  survey  to  pilots,  and  interviewed 
users  and  other  technical  experts. The  study  revealed  the  current 
UH-60A  design  meets  the  requirements  of  MIL-STD-650B  under  static 
conditions. The  only  exception  is  the  obstructed  vieN  that  the  door 
and  windshield  vertical  structures  create. However ,  under  dynamic 
conditions  the  UH-60A  cockpit  design  and  normal  flight 
characteristics  substantially  reduce  the  fov  in  critical  areas. The 
study  produced  eleven  options  that  can  improve  and/or  enhance  the 
next  generation  Black  Hawk's  FOV  if  incorporated  Into  the  new 
design. Each  option  is  presented  and  discussed 
NP.  2  vol  .  XXU1543:  PP.  1124-0  vo1.2:  0  Ref .  ;  DP.  1909 
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Predicting  the  performance  of  ••night**  ’‘vision**  devices  using  a 
simple  contrast  model 

The  author  discusses  a  computer  model  that  can  quickly  produce 
spectral  transmission  curves  and  calculate  the  apparent  contrast 
for  **night**  “vision**  devices  when  viewing  a  target  against  a 
specified  background. since  an  operator  might  be  looking  through 
several  optical  elements  that  would  act  as  filters  it  was 
necessary  to  have  a  capability  to  include  multiple  absorption 
filters. The  contrast  model  is  a  Lotus  1-2-3  worksheet  that 
retrieves  the  necessary  data,  calculates  a  relative  intensity  for 
both  the  target  and  the  background,  spectrally  displays  these, 
then  calculates  the  contrast. The  target  and  background  relative 
spectral  intensity  curves  are  then  displayed  on  the  screen 
allowing  a  quick,  subjective  analysis. The  model  win  operate  on 
virtually  any  MS-DOS  computer. Each  scenario  is  entered,  processed 
and  the  relative  spectral  intensities  and  contrast  calculated  in 
just  a  few  minutes,  allowing  the  rapid  analysis  of  many  different 
scenarios  in  a  short  period  of  time 
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Helmet -mounted  displays  for  ••nei icopter**  pilotage:  design 
configuration  tradeoffs,  analyses,  anq  test 
Human  engineering  criteria  aopncaoie  to  the  design  of  helmet 
mounted  displays  for  use  with  ••night**  **vlsion**  sensors,  such 
as  forward  looking  infra-red  (FlIR)  or  low  light  level  television 
(LLTV).  are  stated  and  reviewed. Systems  requirements  are  presented 
which  call  for  pilot  operation  at  night  that  i$  as  equivalent  as 
practicable  to  flight  under  normal  daytime  visual 
rules. Requirements  are  developed  that  utilize  head  motion  coupled 
to  sensor  movement  to  achieve  the  semblance  of  daytime  pilotage 
while  conducting  operations  at  night  under  the  cover  of  deep 
darkness.At  the  outset,  salient  factors  are  identified  and 
prioritized  which  are  applied  to  further  design  tradeoffs  leading 
to  helmet  mounted  visor  displays. The  prime  design  objectives  being 
operational  suitability,  acceptability  by  the  pilot  community, 
reduced  crew  training  requirements  and  minimal  logistics 
support . Al ternate  design  configurations,  computer  analyses, 
operating  experience,  and  pilot  reaction  are  cited 
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Helmet -Mounted  Displays 

The  following  topics  were  dealt  with:  rotorcraft  helmet -mounted 
displays  , s imui at  Ion  anp  space ; tact  leal  “aircraft**  disoiays;and 
••night**  ••vision** 
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Polycarbonate  ophthalmic  lenses  and  ••night**  **vision**  goggles 

In  US  Army  **Avlat1on** 

US  Army  aviators  use  the  an/pvS-5  **night**  **vision**  goggles 
(NVG)  with  a  modified  faceplate  which  enables  wearing  of 
corrective  spectacles,  when  required  The  next  generation  nvGs.  the 
Aviator  ••Night**  ••vision**  Imaging  System  (ANVIS),  permit 
Spectacle  wear  py  design  witn  only  glass  lenses  available  to  the 
aviator  requi'- ing  opt  leal  correction,  there  is  a  potential  for  eye 
injury  from  broken  glass  Should  the  goggles  be  displaced 
accidental ly  The  author  discusses  studies  conducted  at  the  US  Army 
Aeromedicai  Research  Laboratory,  Fort  Rucker,  Alabama  tO:  compare 
the  impact  resistance  of  glass.  CR-39  (plastic),  and  polycarbonate 
lenses  to  simulated  nvG  tubes .estabi isn  the  approximate  forces 
necessary  to  cause  glass  lens  breakage  by  displaced  nvg  tubes. md 
determine  the  performance  of  dc»i ycaroonate  lenses  m  the 
••aviation**  environment  Results  demonstrate  me  significant 


improvement  In  impact-resistance  afforded  by  polycarbonate 

ophthalmic  lenses,  verify  the  relatively  low  forces  necessary  to 

cause  NVG  displacement  and  subsequent  glass  lens  breakage,  and 

establish  the  feasibility  of  prescribing  polycarbonate  lenses  for 

use  by  “aviation**  personnel 
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Cockpit  lighting  compatibility  with  Image  Intensification  night 
imaging  systems;  issues  and  answers 

Nignt  imaging  systems  based  on  image  intensification  (I  sup  2) 
tubes  are  a  major  factor  in  the  night  operation  capability  of  US 
Army  rotary-wing  •*a1rcraft**.A  major  problem  associated  with  the 
use  of  these  systems  is  the  detrimental  effect  caused  by  internal 
cockpit  1 ight ing. Instrument  lamps,  caution  lamps,  utility  lights, 
and  other  light  sources  inside  the  cockpit  activate  the  bright 
source  protection  control  circuits  of  the  intensif icat ion  tubes, 
thereby  reducing  their  sensitivity  to  external  natural  and 
artificial  illumination. in  1986,  a  Trl-Servlce  specification, 
MIL-L-85762.  'Lighting,  ••aircraft**.  Interior,  ••night** 
••vision**  Imaging  system  compatible',  was  adopted  to  resolve  the 
cockpit  lighting  problems . MIL-L-85762  defines  the  measurement 
Instrumentation  and  techniques  required  to  certify  lighting 
co«^)onents  as  'ANVIS  compat idle The  specification  does  not 
address  compatibility  problems  associated  with  an/PVS-5 
usage. Ongoing  efforts  relating  to  MIL-L-85762  include 
characterizat ion  of  lighting  incompatibilities  in  the  US  Army 
••aircraft**,  implementation  of  programs  to  modify  the  lighting  in 
incoffipat Idle  cockpits,  and  certification  of  proposed  lighting 
components  for  future  ••aircraft**  systems. Additional  work  has 
been  done  to  provide  'near  compatible'  solutions  to  lighting 
problems  associated  with  the  use  of  an/pvs-5  systems 
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Design  conslderat ions  of  the  sunlight  readable  ••night** 

••vision**  image  system  comoat  idle  kROMA  color  oispiay 
A  sunlight  readable  ••night**  ••vision**  image  system  compatible 
three  color  display,  using  a  KROMA  (Kaiser  Rapid  Optical 
Multi-Color  Assembly)  filter,  has  been  designed  for  avionics 
appl icat Ion. The  KROMA  display,  which  uses  a  'monochrome'  CRT  and  a 
liquid  crystal  optical  switch,  has  been  optimized  for  its  color, 
brightness  contrast,  and  “night**  ••vision**  image  system 
compat ibi I ity. This  approach  provides  excellent  color  saturation, 
high  contrast  ratio,  and  low  nvIS  (••Night**  ••Vision**  Image 
System)  radiance,  making  it  attractive  for  using  in  night  mission 
••alhcraft**.The  authors  describe  the  design  considerations  in 
selecting  phosphors,  color  filters,  polarizers,  and  the  methods  of 
reducing  the  ambient  light  reflection 
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Prototypical  near-infrared  projection  system:  a  potential  training 
System  for  image  intensif ler  devices 

A  prototype  near-iR  projection  system  was  developed  by  the  US  Army 
Research  Institute  ••Aviation**  R4D  Activity  and  the  US  Army 
Center  for  ••Night**  ••Vision**  and  E 1 ectro-Opt ics . The  system  uses 
a  near-IR  cathode  ray  tube,  projection  lens,  and  an  optical 
cut-off  filter  to  project  daytime  video  in  tne  03O-i(XK)  nm  range 
of  the  electromagnetic  spectrum,  observable  only  with  image 
intensifier  devices. Research  is  conducted  to  determine  the 
system's  effectiveness  as  a  supbiementai  ••night**  ••vision** 
goggle  training  aid 
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Human  factors  and  safety  conslderat ions  of  ••nignt**  ••vision** 
systems  flight 

Military  ••aviation**  ••nignt**  ‘‘vision**  systems  greatly  enhance 
the  capability  to  operate  during  periods  of  low 

n igminat ion  However ,  tne  visua'  input  afforded  wim  tnese  devices 
does  not  approacn  that  experienced  using  tne  unencumbered .  unaiped 
eye  during  periods  Of  Oay'ignt  llluminat'on  Many  visua'' 
parameters,  e  g  acuity,  f  leid-o^ •  v lew ,  deotn  perceD^'on,  etc  ,  a'-e 
comoromised  when  ••night**  ••vis'on**  devices  are  used  ’^e 
inherent  charact er i st ’cs  of  image  int ens i f icat ’on  pased  sensors 
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Introduce  new  problems  associated  with  the  interpretation  of 
visual  Information  based  on  different  spatial  and  spectral  content 
from  that  of  unaided  vision. in  addition,  the  mounting  of  these 
devices  onto  the  helmet  is  accompanied  by  concerns  of  fatigue 
resulting  from  Increased  head  supported  weight  and  shift  in 
center-of 'gravl ty . All  of  these  concerns  have  produced  numerous 
human  factors  and  safety  issues  relating  to  the  use  of  ••night** 
••vision**  systems-These  issues  are  Identified  and  discussed  in 
terms  of  their  possible  effects  on  user  performance  and  safety 
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Airborne  thermal  imaging 

Summary  form  only  given. As  a  general  rule  most  ••aircraft**  nave 
to  work  under  visual  flight  rules  (VFR);the  aim  ls  to  extend  VFR 
operation  into  poor  weather  and  night  conditions. Performance 
enhancements  of  electro-optical  sensors  have  made  It  possible  to 
provide  ••night**  ••v1slon**/poor  weather  operations  capability 
for  a  wide  range  of  ••aircraft**  by  means  of  a  relatively  simple 
upgrade  of  the  avionics  fit. These  systems  can  provide  effective 
low  level  high  speed  attack  under  nlgnt-t1me  VFR  condl t ions . In 
Central  Europe  during  winter  increased  operational  capabilities  of 
200%  (20%  of  the  24  hour  period  to  70%)  are  achievable. This 
extends  the  battlefield  day  to  24  hours  which  means  the  enemy  can 
no  longer  use  darkness  or  poor  weather  conditions  to  avoid 
detection  or  cover  movement /resupply  act ivl t les . These  capabilities 
are  achieved  passively  and  force  the  enemy  to  reconsider  its 
operational  tactics. The  author  considers  the  impiementaiton  of 
such  systems  into  high  performance  ••aircraft**  together  with 
developments  of  steered/stabi 1 ised  thermal  imaging  systems  for 
remotely  piloted  vehicles  and  ••helicopters** 
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Airborne  thermal  imaging 

Summary  form  only  given. Performance  enhancements  of 
electro-optical  sensors  nave  made  it  possible  to  provide  ••night** 
■•vision**/ooor  weather  operations  capability  for  a  wide  range  of 
••aircraft**  by  means  of  a  relatively  simple  upgrade  of  the 
avionics  fit. These  systems  can  provide  effective  low  level  high 
speed  attack  under  night-time  visual  flight  rule  condl t ions . In 
central  Europe  during  winter  operational  capabilities  of  200%  (20% 
of  the  24  hour  period  to  70%)  are  achievable. This  extends  the 
battlefield  day  to  24  hours  which  means  the  enemy  can  no  longer 
use  darkness  or  poor  weather  conditions  to  avoid  detection  or 
cover  movement /resupply  act lvi t les . These  capabilities  are  achieved 
passively  and  force  the  enemy  to  reconsider  its  operational 
tactics  The  author  considers  the  implementation  of  such  systems 
Into  high  performance  ••aircraft'*  together  with  developments  of 
steered/stabi 1 1 sed  thermal  imaging  systems  for  remotely  piloted 
vehicles  and  ••helicopters'* 
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Visionics  simulation  in  the  AH-64  combat  mission  simulator 
The  AH-64  combat  mission  simulator  s  (CMS  S> 

visual -avionics-sensor  (visionicsi  system  is  discussed  Tne  ah-ga 
visionics  consists  of  the  target  acquisition  and  designation 
systems  (TAOS),  pilot  ••night  "-••vision**  sensor  ( PNVS ) .  and  the 
Integrated  nelmet  and  display-sighting  system  ( ImadSS ). These 
systems  provide  the  crew  with  sensor  imagery  for  target  detection, 
recognition,  acquisition,  and  engagement,  as  well  as 
••night ••- ‘‘v 1 s 1on«*  imagery  to  aid  in  flying  the  **3 1 rcraf t •• . The 
Simulation  of  the  visionics  systems  is  described,  as  well  as  the 
mission  test  and  integration  process. Controls,  hardware 
Interfaces,  servo  and  visual  simulations  are  a'so  described 
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Combat  cockpit  of  the  future  France  pushes  for  new  solutions 
In  France.  Thomson-CSF  Is  pursuing  its  own  approach  to  the  combat 
••aircraft**  cockpit  of  the  future,  rather  than  attempting  to  copy 
the  very  ambitious  d’spiay  systems  which  are  being  developed  in 
the  united  States  In  this  way.  the  company  nopes  to  develop 
solutions  more  qu'Ckly  To  fully  understand  the  problems,  it  »S 
important  to  consider  the  need  to  maxe  tne  best  possible  use  of 
tne  wide  range  of  sensor  Information  which  Is  available  in  a 
modern  ••aircraft**  The  author  discusses  how  key  deveiooments 


include  tne  latest  advances  in  optronic  sensors,  particularly  for 

night  observation,  and  also  the  considerable  progress  in  radar 

technology,  which  can  now  resolve  a  great  deal  more  detail. It  is 

even  possible  to  use  the  data  available  from  weapon  sensors 

carried  on  the  ••aircraft** 
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integrated  flying  alO  and  mission  displays  for  modern  combat 
••aircraft**  incorporat 1 ng  a  digital  data  base 
Electro-optic  sensors-forward'looking  infra-red  and  ••night** 
••vision**  goggles-are  today  providing  a  dramatic  enhancement  of 
)ow-level  operational  capability,  but  causing  increased  demands 
for  precision  navigation,  situation  awareness  and  advanced 
displays. Digital  map  displays,  also  available  today,  offer  the 
flexibility  of  map  presentation  that  is  needed. In  the  future, 
terrain-referenced  systems  incorporating  digital  data  bases  hold 
the  promise  of  tne  integrated  flying  aid  and  mission  displays  that 
are  required  for  'al 1-weather'  operat ions. This  paper  describes 
first  the  fit  and  usage  of  the  EO  systems  likely  In  a  future 
combat  ••aircraft**  ana  goes  on  to  review  the  status  of  data-base 
systems.lt  establishes  the  baseline  against  which  digital  map 
systems  ana  later  terrain-referenced  displays  that  exploit  an 
elevation  data  base  might  be  integrated  into  the  ••aircraft** 
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Total  Terrain  Avionics 

The  Introduction  of  passive  electro-opt leal  sensors  in  the  form  of 
FLIR  and  ••night**  ••vision**  goggles  (NVGs)  has  been  a 
significant  Step  forward  in  aiding  tne  combat  pilot  in  a  hostile 
environment . TF  radars  enable  low  level  flight  in  al1 
weathers. However .  the  FlIR/NVG  combination  is  not  all  weather  and 
TF  radars  are  not  stealthy. Recent  developments  in  data  storage, 
advanced  processing  techniques  and  highly  efficient  display 
presentation  nave  been  instrumental  in  enabling  covert  operations 
to  take  place  in  all  weathers. Precise  autonomous  navigation  ana 
terrain  following,  with  the  threat  of  detection  minimised,  is  now 
available  to  the  modern  combat  pilot,  freeing  him  to  concentrate 
on  successfully  achieving  the  aims  of  his  mission. The  capabilities 
described  in  this  paper  are  all  feasible,  and  are  being  integrated 
into  GEC  Avionics'  system  of  Total  Terrain  Avionics  (T  sup  2a) 
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Integrated  flying  aid  and  mission  displays  for  modern  combat 
••aircraft**  incorporating  a  digital  database 
Electro-optic  sensors-forward-looking  Infrared  and  ••night** 
••vision**  goggles-are  today  providing  a  dramatic  enhancement  of 
low  level  operational  capability,  but  causing  increased  demands 
for  precision  navigation,  situation  awareness  and  advanced 
displays.  Digital  map  displays,  also  available  today,  offer  the 
flexibility  of  map  presentation  that  is  needed. In  the  future, 
terrain  referenced  systems  incorporating  digital  data  bases  hold 
the  promise  of  the  integrated  flying  aid  and  mission  displays  that 
are  required  for  aii-weather'  operations. This  paper  describes 
first  the  fit  and  usage  of  the  EO  systems  likely  m  a  future 
combat  ••aircraft'*  ana  goes  on  to  review  the  status  of  database 
systems.lt  establishes  the  baseline  against  which  digital  map 
systems  and  later  terrain  referenced  displays  that  exploit  an 
elevation  database  might  be  integrated  into  the  ••aircraft** 
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Helmet -displays  for  the  combat-proven  air  force 
One  of  the  most  important  elements  of  the  new  fighter  cockpit  is 
its  displays,  ana  the  exigencies  of  modem  combat  make  if 
Increasingly  important  for  the  pilot  to  have  access  to  the 
information  without  having  to  look  down  into  the  cockpit  Curing  a 
crucial  phase  of  the  mission  Two  components  in  Israel  currently 
have  substantial  development  and/or  production  programs  for 
head-up  displays  and  both  are  working  on  the  newest  form  of  huO, 
that  mounted  on  the  aircrew  helmet  Eibit  is  responsible  for  the 
colour  and  monochrome  head-dOwn  displays  m  the  Lavi,  is  marketing 
the  HALO  ••helicopter"  ••night**-*'vision**  HUD  and  has  developed 
the  DASH  Display  And  Sight  Helmet  which  has  peen  selected  by  the 
Israel  Defence  Force  for  f-i5s  ana  f-i6s.  and  eventually  tne  Lav* 
as  wei I 

vOl  42.  NO  8.  PR  020-30.  0  Ref  .  DP  Agg  1987 
ENG 

Interavia  (Engi  Ed.)  iSwMzer'and) 

Journal  paper 


B-19 


GrtsoN  c. 


868030107 

CocKpit  readiness  for  ••night**  ••vision**  goggles 
The  introduction  of  ••night**  ••vision**  goggles  into  the  cockpit 
environment  may  produce  incompat 101 nty  with  existing  cockpit 
optoelectronic  instrumentation. The  methodology  used  to  identify 
the  origin  of  the  spurious  signal  is  demonstrated  with  the  example 
of  an  electronic  display. The  amount  of  radiation  emitted  Dy  a  gray 
body  in  the  wavelength  region  of  goggle  sensitivity  is 
calculated.*  simple  procedure  for  prefllght  testing  of  cockpit 
Instrumentation  using  a  commercially  avallaoie  infrared  camera  is 
recommended.Otner  recommendations  include  the  specification  of 
cockpit  Instrumentation  for  compat 1D1 1 1 ty  with  ••night** 

••vision**  devices 
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Display  System  Optics 

The  following  topics  were  dealt  with:  visual  percept  ion ;  image 
dl spl ays ; f 1 ight  simulators;airDorne  displays istereoscoplc 
di spl ays ; ••night ••  ••vision**  goggles;and  nel met -mounted 
displays. ADstracts  of  individual  papers  can  oe  found  under  the 
relevant  classification  codes  in  this  or  other  issues 
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Evaluation  of  a  pilot  s  1 ine-of-slgnt  using  ultrasonic 
measurements  and  a  ’^elmet  mounted  display 

Several  prooiems  in  aerial  warfare  include  the  use  of  the  pilot's 
sight  under  the  aspects  of  ••night**-**vision**  capaDiltty  as  well 
as  of  locking  “aircraft**  systems  on  targets  with  no  delay. The 
desire  for  a  trouoie-free  visually  coupled  system  led  to  the 
development  of  the  compination  of  i ine-of -sight  locator  ano  neimet 
mounted  display  The  solution  is  cased  on  tne  ranging  of  the  three 
angles  of  head  movement  in  azimuth,  elevation  and  roll  Dy 
measuring  the  transmission  times  of  ultrasonic  signals  Detween 
transmitters  mounted  on  tne  pilot's  helmet  and  receivers  Oh  the 
cockpit  structure,  whereas  the  visual  information  is  displayed  in 
front  of  tne  pilot's  eye  Oy  an  optical  system  which  receives  the 
'mage  from  a  remote  CRT  display 
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Integrated  avionics  for  NlghtDiro  Harrier 

The  author  describes  tne  refit  of  an  RAF  Harrier,  under  the 

Ministry  of  Defence  NlgntDlrd'  programme,  with  a 

• ‘n Ight •• - “’v 1 s ion**  System,  making  the  Harrier  the  world's  first 

ver t lea  1 /shor t  take  off  and  landing  (vSTOL)  night  attack 

• *3 1 rcraf t •• . The  system  comprises  head-up  displays,  head-down 

displays  and  a  map  projection  system  and  is  easily  Installed 
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Turning  night  into  day  (••night**  **v1s1on**  for  military 
••a1 rcraf t ••  ) 

To  prevent  ground  forces  exploiting  the  hours  of  darkness  for 
attack,  movement  and  resupply  ground-at tack  “aircraft**  should  De 
aDie  to  operate  at  night  and  in  poor  weather. The  author  presents  a 
forward- 1 ook 1 ng  Infra-red  (FlIR)  System  where  the  image  is 
superimposed  on  the  real  world  as  seen  through  the  cockpit  head-up 
display  The  flIR  architecture  's  described  and  key  features  of  the 

System  are  looked  at 
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Organisation  of  displays  in  the  f'eid  of  v’ew  of  the  comoat 
••aircraft**  pi  lot 

The  psycnophysioiogicai  prooiems  of  the  specific  organisation  of 
cockpit  displays  are  studied  on  me  oas's  of  laboratory 
ej»oer  ime^ts  and  trials  of  grounded  frgneh  ••aircraft**  eouipped 
with  the  latest  v'suai  display  devices  Tnree  working  poles  more  or 
'ess  well  separated  ’n  position  and  function  are  dist inguished  a 
head-’jp  display  superimoosed  on  tne  v'ew  of  tne  outside  world,  a 
conventional  head-down  display  pane'  w’tn  one  or  two  multimode 
^uDes  and  some  pack  jp  dia’s.  and  a  -ada-  po'e  a'so  .js'ng  a 


multimode  tube. Transit  ion  Times  between  head-up  and  head~0own 
displays  are  examined  with  regard  to  eye  accommodation, 
collimatlon  and  change  of  lighting,  bright  exterior  illumination, 
ana  ♦•night**  ••vision** 
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Integrated  flying  aid  and  mission  displays  for  modern  combat 
••aircraft**  incorporating  a  digital  database 
Electrooptlc  (EO)  sensors  such  as  forward-looking  infrared  and 
••night**  •♦vision**  goggles,  enhance  low-level  operational 
capability  but  create  increased  demands  for  precision  navigation, 
situation  awareness,  and  advanced  displays. Digital  map  displays 
offer  the  flexibility  that  is  needed. In  the  future, 
terrain-referenced  systems  incorporating  digital  databases  are 
expected  to  provide  the  integrated  flying  aid  and  mission  displays 
that  are  required  for  all-weather  operat ions. The  fit  ana  usage  of 
the  EO  systems  likely  to  be  used  in  a  future  combat  ••aircraft** 
are  described,  and  the  status  of  database  systems  is  reviewed. A 
baseline  is  established  against  which  digital  map  systems  and 
laser  terrain  reference  displays  that  utilize  an  elevation 
database  might  be  integrated  into  the  ••aircraft** 
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An  avionic  caution  and  advisory  display  panel 
A  state-of-the-art.  avionic  caution  and  advisory  display  panel 
(Caop)  that  incorporates  liquid  crystal  display  (LCD)  technology 
is  presented . Re1 labl 1 1 ty  performance  significantly  greater  tnan 
neretofore  realizable  is  effectively  acnieved  with  lOOlC  display 
ana  electronic  redundancy. To  maximize  performance  and  rellaplllty. 
the  unit  incorporates  the  following:  ••nlgnt**-**vlslon**-goggle 
compatible  amber  and  green  color  queuing  for  ease  of 
dist ingulshing  caution  messages  from  advisory 
messages ;high-resolut Ion  14-Dy-14  matrix  pixel-array  character 
font  to  provide  eye-ease  message  readabi I ity; fai 1 -passive  circuit 
design  to  preclude  false  message  annunciations;and  automatic  as 
well  as  manually  initiated  8IT  to  provide  aircrew  assurance  of 
proper  CADP  operation 
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Defence  applications  of  opto-eiectronics 

Ooto-electronics  has  recently  become  an  important  and  significant 
tecnroiogy  for  defence  appi icat ions . The  developments  in  ••night** 
••vision**,  thermal  imaging,  laser  instrumentation  and  fibre 
optics  have  reached  a  stage  where  U  is  possible  to  provide  an  all 
weather,  all  time  capability  for  surveillance,  reconnaissance  and 
survey  or  targets  from  ground  ••aircraft**  and 
satei 1 ites- Integrated  military  systems  are  expected  to  be 
available  based  on  the  combination  of  advanced  passive  and  active 
detection,  vision  and  imaging  technology  as  against  subsystems 
tailored  specifically  for  a  given  guidance  weapon  system. various 
Instruments  and  instrumentation  systems  In  ’‘night**  ••vision**, 
lasers,  thermal  imaging  and  fibre  Optics  are  discussed 
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Review  of  Industrial  applications  of  hOEs  in  display  systems 

After  a  short  review  of  diffractive  optics,  three  applications  of 

HOEs  are  considered;  neimet  mounted  displays,  holographic 

••night**  ••vision**  goggles  and  holographic  head  up 

displays. Possible  future  research  fields  are  introduced 
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Effect  of  broad-banded  eye  D'“otection  on  dark  adaptation 
The  authors  have  reexamined  earlier  findings  indicating  that 
sunglasses  could  prevent  deleterious  effects  of  bright  i ignt  on 
lark  adaotat ion. They  found  that  the  use  of  broad-band  attenuating 
spectacles  could  improve  absolute  visual  thresholds  but  they  had 
minimal  effect  on  central  retinal  mechanisms  Dark  adaptation 
functions  measured  with  long-wave  length  light  showed  no 
Significant  sunglass  effect  .whe'-eas.  such  functions  measu^’ea  w*th 
intermediate  spectral  light  decreased  m  fina'  visual 
thresholds  The  results  of  this  study  strongly  Support  previous 
arguments  for  providing  standard  visible  and  near  ultraviolet 
protection  to  personnel  required  to  perform  mintary  tasks  under 


B-20 


•xtremely  Dright  environmental  light 
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B86065495 

••Night**  ••vision**  Dy  NVG  with  FLIR 

••Night**  **vision**  goggles  and  fixed  forward  looking  infrared 

equipments  both  have  particular  operational  shortcomings  when  used 

In  a  fixed  wing  ••aircraft**  for  close  air  support  at 

night . However  when  operated  together,  they  compensate  for  each 

other's  deficiencies  forming  a  highly  capable  system  at  far  Jess 

cost  and  complexity  compared  with  otner  ••night**  ••vision** 

systems 
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Aeromeoical  lessons  learned  with  ••night**  ••vision**  devices 
The  authors  present  a  review  of  ••night**  ••vision**  devices  used 
In  the  military  ••nel icopter**  flight  environment,  and  aeromedlcal 
lessons  learned. Discussion  revolves  around  experience  with  three 
US  Army  ••aviation**  systems;  the  currently  used  second^generat ion 
••night**  ••vision**  goggle  INVG).  or  AN/PVS-5;the 
soon-to-pe-f lelded  an/avS-6  tm rd-generai ion  NVG:and  tne  AH-64 
Apache  thermal  sensor  and  imaging  system. Performance 
characteri'st  ics  are  presented,  and  primary  emphasis  is  on 
aeromedlcal  research  related  to  pilot  interface  with  tne  systems 
to- include  visual  acuity,  contrast  sensitivity,  depth 
discriminat ion.  dark  adaptation,  crew  fatigue,  ano  adaptational 
problems 
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B86065493 

••Night**  •  vision**  support  devices;  human  engineering  Integration 
The  authors  descrioe  tne  results  of  several  operationally  oriented 
efforts  conducted  to  improve  visual  performance,  cockpit  lighting, 
and  flight  Information  transfer  In  conjunction  with  the  use  Of 
••night**  ••vision**  goggles  The  efforts  include  an  operational 
definition  of  NVG  compatible  Mgnting.  a  recommended  approacn  to 
Improving  deptn  of  focus,  an  attempt  to  expand  field  of  view,  and 
a  description  of  a  nvg  muO  using  optically  Injected  flight 
data  All  efforts  center  around  using  or  modifying  current  AN/PVS 
NVGs  used  by  US  forces 
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Visual  and  spectroradiometnc  performance  criteria  for  ••night** 
••vision**  goggles  INVG)  compatible  ••aircraft**  interior  lighting 
A  draft  military  specification  has  been  developed  for 
NVG-COmpat iblr  ••aircraft**  interior  lighting  under  US  trI-service 
Sponsorship,  The  specification  is  based  on  tne  utiMzatfon  of  tne 
specific  type  of  nvG.  namely  the  an/avS-6  Aviators  ••Night** 
••vision**  Imaging  System  (ANViSj.Tne  authors  describe  the 
performance  requirements  and  testing  methodology  established  in 
the  specification  and  tne  rationale  for  developing  these 
requirements 
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flIR,  nvg  and  mms/0  systems  for  •*hei icopter**  operation,  review 
••Helicopter**  fMgnt  trials  have  been  carried  out  at  nignt  using 
examoies  of  aii  the  visionic  aids  (FUR.  llltv.  nvG.  hms/O  and 
Direct  view  Optics!  for  piloting  and  observation  tasks  The 
detection,  recognition  and  ident if  teat  ion  ranges  of  nine  different 
FlIR  were  tested  m  ground  and  laboratory  tests. The  evaluation  of 
an  optical  sensor  platform  location  in  the  ••helicopter**  nose-, 
roof-  and  mast-mounted  versions,  the  comparison  of  thermal  and 
intensifier  images  and  tne  nvg  compatible  cockpit  were  topics  of 
the  tests  The  author  describes  in  detail  the  optical  sensors  with 
their  limitations  and  gives  som'  results  of  me  trials,  with 
regard  to  the  pilots  stress  situation  and  eye  safety 
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Image  intens'fiers  oast  and  present  (for  ••night**  **vi$ion** 
enhancement  » 

The  evolution  of  tne  image  intensifier  is  presented  from  the  first 
throu^  the  third  general  ion  Technological  advancements  during  the 


past  two  decades,  such  as  the  microchannei  plate  and  the  gallium 

arsenide  photocathodes,  have  significantly  improved  the  image 

intensif ier's  projected  life  time  and  performance 

capapii It ie$. Improved  manufacturing  techniques  have  contributed  to 

the  Intensif Ier's  extended  life  and  expanded  performance 

capaoii it les. This  continued  progress  attests  that  the  image 

intensifier  continues  to  be  a  viable  sensory  extension  helping  man 

achieve  hi$  goal,  the  conquest  of  darkness 
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Visual  Protection  and  Enhancement .** Aerospace**  Medical  Panel 
Symposium  (AGARO-CP-379) 

The  following  topics  were  dealt  with;  image  intensifiers  including 
••night**  ••vision**  goggles,  forward  looking  IR  systems  and 
helmet -mounted  displays:  aeromedlcal  aspectsiHgnt  exposure  effects 
and  eye  protection  devtces;vlsual  difficulties  and  human 
factors. Abstracts  of  individual  papers  can  be  found  under  the 
relevant  classification  codes  in  this  or  other  issues 
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Applications  of  thermal  Imager  devices  Including  modelling  aspects 

Thermal  imagers  (Tl)  detect  the  thermal  radiation  of  all  bodies 

(Planck  radiation)  mainly  in  tne  8-l2  mu  m  atmospheric  window  for 

bodies  with  T  approx1mately*20  degrees  C.AppI icatlons  of  thermal 

imagers  include:  forward  looking  infrared  radar ; **night** 

••vision**  goggles: low  light  level  TV  cameras :and  helmet-mounted 

signt/dispiay  ModeUing  aspects  of  the  Tis  are  discussed  together 

with  the  detection,  recognition  ano  identification  ranges. Nine  Tl 

with  different  detector  technologies  were  tested  in 

ground/laboratory  tests. A  high  resolution  Tl  Installed  in  the 

EUROVISIONIK  for  PAH  2  and  HAC  3G  ••hel icopters**  is 

ment ioned. Aspects  of  rotor  blade  interference  with  a  mast-mounted 

sight  (MMS)  are  presented 

NP.  v1*i00:  PP.  86-91:  15  Ref..  DP.  1985 
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886018482 

A  new  approach  to  on-vehlc)e  testing  of  ••night**  ••vision** 
systems 

Noise  eauWaient  tempe'*ature  difference  (NETD)  measurements  are 

compared  with  minimum  resolvable  temperature  measurements  for 

testing  ••aircraft**  ••night**  ••vision**  systems 

(NV$s) .Rei labi 1 ity  and  field  failure  data  substantiate  that  NETD 

tests  are  adequate  for  thermal  imaging  nVS  maintenance. Newly 

developed  test  targets  now  make  possible  a  simple,  lightweight. 

automatic  on-vehlcie  NVS  test  set 

NP.  285;  PP.  233-7;  5  Ref.:  DP.  1985 

ENG 

Conference  paper 

FRANK  J.  D.:  PARRISH  R.  E.;  DURAZO  M.  A. 


886005062 

Night  eyes  for  combat 

Discusses  the  developments  of  **night**-**vision**  goggles  (nvGj 
electronic  light-amplifying  binoculars  which,  by  use  of  image 
Intensifiers.  produce  bright  pictures  with  adequate  detail  to 
allow  high-speed  low  flying  at  night,  even  in  no-moon  conditions. A 
variety  of  NVCs  have  been  tested  in  the  Nlghtblrd  program 
VOL.  40;  NO.  5;  PP.  455-7;  0  Ref.;  DP.  May  1985 
ENG 
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683009604 

Electro  Opt Ics  trends 

For  the  past  five  years  the  US  Army  Electronic  Research  and 
Development  Command  s  ••Night**  ••vision**  and  Elec*rc  Optics 
Laboratory  1 NVEOL I  has  been  conducting  programmes  directed  towards 
developing  an  Improved  class  of  electro-optical  systems  capable  of 
performing  many  of  the  targec  detection,  classification,  and 
recognition  tasks  now  performed  by  man. These  programmes  are 
Individually  Outlined  and  discussed 
NP,  Xl11*438;  PP  311-19.  0  Ref  ;  DP,  1982 
ENG 
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863004724 

Electroluminescent  lighting  and  other  techniques  for  improving 
••night**  ••vision**  goggles  comoat ipi i i t y  with  cockpit  displays 
Standard  night  lighting  for  most  **aircraft**  cockpits  resu'ts  m 
a  lighting  conf tgurat lon  that  is  not  compatible  with  the  use  of 
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••night**  ••vision**  goggles. One  specific  example  oiscussed  is  the 
US  Air  Force  PAVE  LOW  III  ••hel icopter** .  a  modified  version  of 
the  hM-53H  Both  wavelength  and  geometric  light  control  techniques 
were  developed  and  applied  to  this  cockpit  to  make  it  compatible 
with  the  ••night**  **vlsion**  goggles. A  complnatlon  of  light 
control  film  (3-M  micro'louvre) .  color  filters.  1nfra-red  blocking 
filters,  electroluminescent  light  and  anti-flare  baffles  were  used 
to  successfully  retrofit  the  cockpit  for  **nlght**  ••vision** 
goggle  use. Some  of  tne  techniques  are  applicable  to  reducing 
windscreen  reflection,  thus,  improving  unaided  **night** 

••vision**  through  the  windscreen 

NP.  xlv*348;  PP.  29/1-6;  5  Ref.:  OP.  1982 
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C82021916 

HOW  to  get  a  grip  on  TAOS/PNVS 

Describes  tne  methodology,  trade  studies,  subjective  evaluation, 
and  applied  experimental  techniques  employed  in  the  design  of 
mul t 1 -f unct ion  handgrip  cont rol s . These  handgrips,  used  m 
acquiring  and  tracking  ground  targets  from  a  •*hel icopter** ,  were 
developed  as  part  of  the  Target  Acquisition  Detection  System 
(TADS)  and  Pilot's  ••Night**  ••Vision**  System  ( PNVS ). A1 though  the 
studies  we'e  directed  toward  designing  a  specific  set  of 
handgrips,  tne  basic  criteria  and  techniques  can  serve  as 
guidelines  for  future  handgrip  designs 
NP.  x1v*782;  PP.  250-3:  2  Ref.;  DP,  1981 
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881043412 

••Hel icopter**  ••night**  ••vision**  systems 

The  research  programme  described  incorporated  the  use  of  the  Sea 
King  ••nel icopter**  which  was  equipped  with  a  number  of 
e'ectro-oot leal  imaging  systems  and  supporting  avionics. The 
various  forms  of  **night**  ••vision**  systems  investigated 
included  a  TV  system.  ••night**-**vislon**  goggles,  a 
helmet-mounted  display,  an  approach  and  land  aid 
NP.  40;  PP  6/1-6;  0  Ref . ;  OP.  1981 
ENG 
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88 1039292 

IE6  Colloquium  on  '••Helicopter**  Guidance  and  Navigation  Systems 
The  following  topics  were  dealt  with:  recovery  of  ••hel icopters** 
in  poor  visibility,  requirements  for  navigation  and  guidance, 
support  of  the  Ncrth  Sea  oil  industry,  the  MADGE  approach  aid. 
inertial  and  autonomous  guidance  techniques,  ••night**  ••vision** 
piloting  systems,  wire  detection,  abnormal  behaviour  of  Doppler 
navigation  systems,  rotor  blade  radar, 9  papers  were 
presented. Abstracts  of  individual  papers  can  be  found  under  the 
relevant  classification  codes  in  this  or  future  issues 
NP.  40;  DP.  1981 
ENG 
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881038555 

Development  of  an  aviator's  ••nignt**  ••vision**  imaging  system 
(ANVIS' 

Historical  background  is  presented  of  the  US  Army's  requirement 
for  a  high  performance,  lightweight,  ••night**  ••vision**  goggle 
for  use  by  ••helicopter**  pi  lots . System  requirements  are  outlined 
and  a  current  program  for  development  of  a  third  generation  image 
intensif ication  device  is  described  Primary  emphasis  is  on  the  use 
of  lightweight,  precision  molded,  aspheric  plastic  opticii 
elements  and  molded  plastic  mechanical  components . System  concept, 
design,  and  manufacturing  considerations  are  presented 
VOL.  20;  NO  2;  PP .  208-11;  i  Ref.,  OP.  March-April  1901 
ENG 
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Development  of  an  aviators  ••night**  ••vision**  imaging  system 
(ANVIS) 

Historica'  background  is  presented  of  the  US  Army  s  requirement 
for  a  high  performance,  lightweight,  ••night**  ••vision**  goggle 
for  use  by  ••helicopter**  pilots  System  requirements  are  outlined 
and  a  current  program  for  development  of  a  third  generation  image 
intensification  device  is  described.Primary  emphasis  is  on  the  use 
of  lightweight,  precision  molded,  aspheric  plastic  optical 
elements  and  molded  plastic  mechanical  components. System  concept, 
design,  and  manufacturing  considerations  are  presented 
VOL  250;  PP  18-23;  1  Ref  .  OP  1980 
ENG 
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B800S5783 

A  helmet -mounted  display  system  for  attack  ••hel icopters** 

The  function  of  the  helmet -mounted  display  is  to  provide  ••night** 
••vision**  Information  to  the  pilot  in  a  manner  which  will  allow 
nap-of-the-earth  (NOE)  navigation,  target  ident  fication.  weapons 
aiming,  and  to  provide  daytime  symbology. The  combat  mission 
requirements  dictate  that  the  crew  rapidly  exe'ute  a  number  of 
complex  and  crucial  decisions  based  on  informat  on  from  a 
sophist icated  array  of  sensors  and  weapon  systems. Becoise  the  HMD 
is  coupled  to  the  pilot's  head,  he  sees  a  wide  f leid-of- view  (FOV) 
presentation  no  matter  what  his  head  l ine-of-slght  (LOS)  might  be. 
and  therefore  he  is  not  constrained  to  a  head  down'  posiiion  to 
obtain  the  required  display  informat ion. The  pilot's  LOS  is  tracked 
with  a  helmet-mounted  sight  and  provides  command  signals  to  point 
the  sensors  and  weapons  in  a  closed-loop  system  (called  a  visually 
coupled  system). The  pilot  can  turn  his  head,  place  the  crosshair 
reticle  on  a  target,  pull  the  trigger,  and  fire  a  weapon  in  day  or 
night  conditions 

NP.  254:  PP.  38-9;  0  Ref.;  DP.  1980 
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B80051483;  C80033751 

Simulation  of  a  ••night**  ••vision**  system  for  low  level 
-•hel icopter**  operations 

Describes  an  experiment  which  explored  the  problems  and 
possibilities  of  a  helmet  mounted  display  for  **hel icopter**  night 
piloting  tasks,  using  real  time  simulation  techniques . The  author 
Shows  how  the  various  components  of  the  proposed  system  were 
modelled  and  incorporated  into  the  simulat lon.He  discusses  the 
experimental  design  for  the  trials  and  how  the  limitations  of  the 
simulation  were  taken  into  account  The  results  of  the  work  are 
described 

NP.  x+256+34  appendix;  PP.  24/1-14;  0  Ref.;  DP.  1980 
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C800209(X) 

•*Hel icopter**  pilot  performance  and  workload  as  a  function  of 
••night**  ••vision**  symbologies 

A  study  was  undertaken  to  investigate  several  human  factors 
questions  of  man-machine  integration  mediated  through  infrared 
video  displays  and  symbologies. A  full  six-degree-of-f reedom  motion 
Simulation  of  an  advanced  US  Army  ••hel icopter**  flying  a  night 
NOE  scenario  was  conduciud . The  dynamic  visual  scene  was  ootained 
from  a  video  picture  of  a  terrain  board  and  three-canoidate 
computer  generated  flight  coijtroi  symbologies  were  video-mixed 
with  the  scene  Six  experienced  **hel icopter**  pilots  were  employed 
as  subjects  and  trained  to  fly  a  scenario  incorporat ing  multiple 
precision  hover  maneuvers  which  varied  in  difficulty  and  task 
loading. The  experiment  was  designed  to  assess  pilot  performance, 
training  requirements,  and  work-load  as  a  function  of  the  three 
symbologies 

TOfc^.  11:  NP.  xx*458;  PP .  995-6:  3  Ref.;  DP.  1979 
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C80001164 

Scan  converter  and  raster  display  controller  for  ••night** 
••vision**  display  systems 

Describes  a  modular  Raster  Display  System  and  its  functional 
modules. The  system  allows  for  digital  scan  conversion  of  images  of 
electro-optical  sensors  and  for  digital  storage  of  images  with 
several  gray  tones. with  the  help  of  the  digital  symbol  generator 
digital  information  can  be  converted  into  symbols  which  again  can 
be  superimposed  on  the  sensor  image . Superposi t ion  of  two  sensor 
Images  can  be  performed  with  the  same  equipment . Some  technical 
features  are  discussed  which  exceed  the  common  modes  of  current 
display  systems  anq  may  help  to  support  missions  of  military 
••hel icopters**  flying  low  level  at  poor  visibility  conditions 
NP.  Vl  ♦  238;  PP.  7/10;  0  Ref.;  OP.  1979 
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AS000t364 

Diamond-turning  of  optics  is  stimulating  other  applications  or 
one  good  turn  deserves  another' 

The  existing  and  planned  manufacturing  technology  programs  of  the 
Department  of  Defense  are  discussed,  and  their  coordinated 
reiat ionships  through  the  Precision  Machine  Tool  Technology 
Program  are  explained. New  applications  extending  the  horizon  of 
mte^'est  in  diamond  turning  and  precision  engineering  include  an 
Army  ••night**  ••vision**  goggle,  flight  simulator  optics, 
••aircraft**  windscreens,  coupled  cavity  traveling  wave  tube 
components  and  shaped  charge  liners. A  project  to  diamond  turn 
glass  is  also  discussed 
NP  V1*116.  PP  2-7.  25  Ref  .  DP  1978 
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A79061584;  B79036787 

R«voiut lonary  optics  and  aiactronics  manufacturing  (diamond 
turning) 

Diamond  turning  is  a  revolutionary  manufacturing  metnod  for  optics 
and  traveling  wave  tube  (TWT)  components. Specif ic  ««night** 
•*vision**  and  electrooptlcai  applications  are  discussed. Diamond 
turning  state-of-the-art  ls  reviewed  and  summarized. Battelle's  new 
Omega-x  machine  is  discussed  including  the  impact  of  their  75  nm 
contour  accuracy  on  a  5  cm  diameter  piece. Progress  on  the  ARPA's 
state-of-the-art  machine  design  being  performed  by  the  Lawrence 
Livermore  Laboratory  is  included 
TOME.  Ill:  NP.  500;  PP.  1208-11;  13  Ref.;  DP.  1979 
ENG 
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use  of  ••night**  ••vision**  systems  by  the  Land  Manager 

For  two  years,  the  USDA  Forest  Service  has  been  engaged  in  an  rad 

program  to  expand  ••helicopter**  firefighting  operations  by  use  of 

**nlght**  ••vision**  technology. As  a  result,  Land  Managers  are 

beginning  to  utilize  some  of  me  systems  and  devices  for  other 

tasks  as  well. These  include  law  enforcement  on  National  Forests. 

surveying  techniques,  nocturnal  game  studies,  search  ano  rescue 

and  reconnaissance  duties. This  paper  describes  the  equipment  in 

present  use.  training  requirements,  and  typical  operations 

NP.  vl+162:  PP.  48-54;  4  Ref.;  OP.  1976 
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676022662 

A  programmable  raster-based  display  system  for  use  with 
electro-opt leal  sensors 

Describes  an  experimental  airborne,  programmable  raster-cased 
electronic  display  system,  capable  of  generating  a  variety  of 
symbology  and  superimposing  this  on  a  picture  of  the  outside  world 
provided  by  a  forward  looking  daylight  or  low  light  television 
camera. Examples  of  the  symbology  which  can  be  generated  by  the 
display  system  are  described,  and  in  particular  tne  paper  explains 
the  Initial  symbology  chosen  for  flight  trials  to  investigate  the 
potential  of  ••night**  ••vision**  sensors  for  low  level,  nigh 
speed  flight  at  night. The  philosophy  of  superimposing  flight 
information  on  the  picture  from  a  ••night**  ••vision**  sensor  is 
discussed  and  it  is  concluded  that  superimposed  symbology  is 
necessary  If  an  ••aircraft**'s  nignt  time  capability  is  to  oe 
effectively  extended 

NP.  vI+432:  PP.  37/1-9;  4  Ref.;  DP.  1975 
ENG 

Conference  paper 

WHITE  R.  G. ;  HAMILL  T.  G. 


076OM37O 

Video  amplifier  ano  grid  driver  for  helmet -mounted 
••nignt**“**vlsion**  display 

In  this  system,  a  small  projection  c.r.t.and  Us  driver  are 

located  inside  the  ••nel icopter**  pilots  helmet,  where  there  is 

no  room  for  the  video  amplifier  which  must  be  inserted  between  the 

television  camera  pickup  anp  the  television  display  driver. The 

video  amplifier  is,  therefore,  located  in  a  separate 

nel met -electron ICS  package  which  may  be  placed  on  tne  floor  of  the 

••a  1 rcraf t •• . The  problem  of  coupling  rhe  video  amplifier  output  to 

the  Input  of  the  drivers  while  still  maintaining  freduency 

response  over  the  relatively  wide  video  band  is  solved  by  a 

coaxial  cable  and  feedback  circuit  with  an  adjustable  capacitor 

NP.  2;  OP.  10  Sept .  1975 
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676002612;  C75027410 

LOW  level  night  Operations  of  tactical  ••helicopters** 

Tne  Initial  results  are  presented  of  tne  US  Armys  low  Level  Night 
Operations  Program,  an  on-going  research  program  to  define  avionic 
equipment  parameters  for  low  level  night  and  adverse  weather 
conditions  Results  of  the  program  include  quantitative  data  on  the 
performance  of  pilots  flying  at  low  level  with  varying  levels  of 
avionic  eduipment  augmentation  le.g.none.  ••Night**  '•vision** 
Goggles.  flIR.  llltv  and  Radar ) ;simuiat ion  and  experimental  flight 
test  data  on  conceptual  systems  (e  g. symbol icai ly  augmented  visual 
Imaging  systems  as  well  as  experimental  measurements  of  various 
candidate  hardware  for  obstacle  detection  (eg  radar.  10.6  mu 
laser,  gated  iiser/L  suo  3Tv  and  6-i4  mu  IR).The  results  of  these 
tests  are  utilized  to  develop  preliminary  conceptual  avionic 
systems  for  low  level  night  operations  as  well  as  to  identify 
areas  in  wnicn  additional  research  is  required  Future  research 
efforts  directed  to  identified  barrier  problems  win  also  be 
presented 
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••Night**  ••vision**  imaging  system  development  for  low  level 
••hei Icopter**  pilotage 

Flight  test  data  of  low  level  night  operations  (LLNO)  in  UH-i 
••helicopters**  using  electro-optical  image  forming  sensors  as  a 
pilot  flight  aid  is  presented,  along  with  details  of  the  systems 
used  In  the  investigations. Significant  findings  and  major  problem 
areas  driving  future  work  are  given  along  with  some  present 
••night**  ••vision**  pilot  aids. Final ly,  long  range  ••night** 
•♦vision**  developments  for  ••helicopter**  pilotage  are  examined 
NP.  vll+286;  PP.  13/1-5;  0  Ref.;  DP.  1975 
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IR  thermal  imaging  sensors  for  •♦helicopters** 

The  general  requirements  are  considered  for  **nlght**  ••vision** 
sensors  which  can  assist  the  ••nel icopter**  crew  in  their  flying 
and  tactical  tasks  during  nignt  operat ions. It  is  shown  that  two 
classes  of  sensors  are  needed,  one  for  the  pilot  to  fly  tne 
••nel Icopter**  ano  the  other  for  surveillance  aid  target 
acqulsit lon.The  performance  parameters  for  each  class  of  sensor 
are  analysed  and  some  of  the  constraints  and  compromises  on  the 
sensor  design  are  considered. The  parameters  thus  derived  show  that 
a  common  sensor  is  not  compatible  for  both  the  flying  ano  target 
acqulsUitx^  functions. Some  of  the  vehicle  integration  ano  systems 
Interface  aspects  are  discussed  to  indicate  that  the  final 
cost-effective  choice  is  most  likely  to  be  determined  from  the 
overall  system  considerations  rather  than  that  of  the  IR 
sensor. Display  requirements  for  potn  functions  are  shown  to  lead 
to  larger  units  than  are  currently  considered  possible  for  cockpit 
installation,  and  matching  of  the  sensor,  display  and  operator 
performances  are  likely  to  be  tne  main  problem  in  future  systems 
NP.  vll+286:  PP.  11/1-4;  0  Ref.;  OP,  1975 
ENG 

Conference  paper 
holmes  f.  a. 


676002607;  C75027404 

••Helicopter**  avionlcs-UK  research  programme 
A  limited  review  of  the  status  of  UK  avionic  systems  for 
••helicopters**  is  given  and  tne  current  needs  of  military 
••helicopters**  oiscussed-The  rapidity  with  which  the  use  of 
••hel icopters**  nas  grown  is  such  that  it  is  no  longer  possible  to 
meet  tpese  needs  by  simple  modification  of  off  tne  sneif 
equiomeht.A  programme  of  research  ana  development  work 
specifically  directed  towards  the  needs  of  ••nel icopters**  is 
outlined. This  programme  is  centred  around  the  use  of  a  Sea  King  Mk 
I  ••helicopter**  and  is  aimed  at  equipping  this  vehicle  with  a 
number  of  new  equipments  in  the  areas  of  flight  control, 
electronic  displays  ano  computer  aided  navigation. Particular 
emphasis  is  placed  on  the  development  of  ••nignt**  ••vision** 
systems  for  use  in  ••hel icopters**  and  an  experimental  pilot's  TV 
system  Is  described. This  will  be  used  to  explore  fundamental 
aspects  of  imaging  system  prior  to  the  use  of  an  LLTV  camera  for 
typical  night  flying  tasks 
HP.  Vi  1*286;  PP.  R- 1/1-7;  3  Ref.;  DP.  1975 
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B76002606.  C75027401 
H-53  night  operations 

The  H-53  Night  Operation  System  (NOS)  includes  ••night** 

••vision**  equipment  ano  an  approach  and  hover  coupler. The 
automatic  approach  and  hover  coupler  subsystem  permits  tne  pilot 
to  transition  automatically  over  all  types  of  terrain,  including 
mountains,  from  search  altitude  and  cruise  speed  to  a  hover  and 
automatically  maintain  tne  hover. The  ••nignt**  **vlslon** 
equipment  extends  this  capability  to  night  flights. The  basic 
system  was  declared  operational  by  tne  united  States  Air  Force 
following  a  ninety-day  combat  evaluation  in  Southeast  Asia. It  is 
also  used  by  foreign  mil itary. Extensive  flight  testing  and 
c»>erationai  use  have  led  to  additional  development  tests  to 
further  tne  capabilities  of  Nignt  Operation  System. Flight  test 
results  of  a  prototype  symbology  generator  and  prototype 
electronic  location  finder  hover  coupler  are  discussed,  along  with 
the  **nlgnt**  ••vision**  equipment  and  the  approach  and  hover 
coupler 

NP.  vll+286;  PP.  5/1-8;  4  Ref  .  OP.  1975 
ENG 
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US  army  experience  in  low-ievel  nignt  flight 

Current  developments  anq  testing  nave  demonstrated  an  imoroved 
capability  In  night  flight,  using  either  selected  specialists 
without  ••night**  ••vision**  systems  or  a  wider  group  of  aviators 
aided  by  tne  ••nignt**  ••vision**  goggles. tne  electroluminescent 
formation  flight  lights  and  rotor-tip  lights  nave  greatly 
increased  safety  in  formation  flights  at  nignt  But  each  aporoacn 
has  been  hampered  by  design  limitations  in  display  panels,  poor 
lighting  Quality  and  poor  lighting  control  in  tne  aircrew 
stations  Landing  in  dark  unimproved  areas,  navigation  over 
unfamiliar  terrain  and  target  ara'iisuion  also  present  special 
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prooiems  Nhicn  nave  not  yet  Deen  completely  overcome 

NP.  vn+286;  PP.  6/1-6:  6  Ref.;  DP.  1975 
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Development  of  an  advanced  display  for  a  wide  field  ••night** 
••vision**  system 

Covers  the  design,  development  and  test  of  a  wide  angle  version  of 
pupil  forming  Head-Up  Display  System. The  unit  was  designed  for 
instaMatton  fn  a  UH-1  ••helicopter**  cockpit  and  has  the 
following  Characteristics;  60  degrees  horizontal  Dy  33  degrees 
vertical  field.  2.7  ln.*5.i  in  (69*130  mm)  pupil  located  at  (36 
cm)  from  a  curved  combiner. The  weight  Is  55  lbs  (25  kg) 

NP.  56;  $4.25;  OP.  June  1974 

Farrand  Optical  Co.Inc..  Valhalla.  N.Y.,  USA 
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Application  of  semiconductor  laser  diode  arrays 

Injection  laser  arrays  have  been  primarily  used  as  illuminators 

for  active  gated  ••night**-**vision**  applications  to  provide 

Short  pulses  of  light  at  a  high  PRF.In  this  way.  an  intensifler 

can  be  gated  on  just  when  the  light  returns  from  the  target, 

eliminating  back-  scatter  and  haze  effects. Gate  responses  as  snort 

as  3  ns  and  laser-puise  fall  times  as  snort  as  20  ns  can  provide 

lO'ft  gate  edges  and  25-ft  gate  windows  for  a  50-ns 

pul sewldth . These  parameters  were  required  to  allow  ground  vision 

for  a  hovering  ••helicopter**  operating  above  25-ft  altitude  and 

generating  thick  dust 

NP.  101  PC;  PP-  55;  0  Ref.;  OP.  1973 
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Advancements  in  ••night**  **vlslon**  systems  using  pulse  gated 
viewing  and  laser  ranging  techniques 

Significant  performance  improvements  of  night  viewing  systems  are 
realized  through  the  use  of  pulse  gating,  where  the  receiver  is 
gated  m  synchronism  with  a  pulsed  source. These  pulsed  sources 
provide  wide  field  illumination  at  wavelengths  matched  to  the 
response  of  the  image  intensifler  tube. Beam  forming  optics, 
thermal  cons loerat  ions ,  array  conf  igurat  ion  and  cooHng  techniques 
for  Illuminator  systems  are  discussed. a  laser  ranger  utilizing  a 
narrow  field  of  view  has  been  developed  for  use  in  conjunction 
wiin  these  pulse  gated  systems. Integral  ion  of  the  laser  ranger 
Into  a  gated  system  and  system  performance  cnaracterist ics  are 
descr ibed 

NP,  319.  PP,  11-15;  OP.  1969 
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••Night**  ••vision**  and  ••Night**  ••Vision**  Goggles. 

••Night**  ‘’Vision**  Goggles  (NVG)  do  not  turn  night  into  dayln 
fact,  they  have  limited  performance  capability. This  article 
addresses  the  rationale  for  low  light  operations,  how  nvGs  work, 
and  various  nvg  i iml tat  ions. Knowledge  of  the  nvg  performance 
envelope,  inherent  NVG  limitations,  effects  of  numan  vision 
deficiencies,  and  factors  of  seif-imposed  stress,  constitute  the 
formula  for  determining  safe  maneuver  limits. The  article  concludes 
with  recommendations  to  improve  NVG  use  and  affirms  that  NVG  are 
safe  for  ••hei icopter**  operations. 

OLDHAM  r  W. 
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CV  ®ower  Projection:  The  'Night'  Stuff 

The  primary  mission  of  naval  ••aviation**  is  power  projection. Over 
the  years,  m  order  to  successfully  conduct  this  mi-sion.  the 
threats  encountered  nave  driven  tactical  air  to  the  nignt.  low 
altitude  environment  Is  this  stiii  a  viable  task  for  tne  Carrier 
Battle  Group  iCvBG)  and  is  U  still  necessary  to  support  the 
operational  commander  will  lessons  learned  from  Desert  Storm 
Indicate  a  need  to  redefine  the  'oie  of  the  CVBG  and  give  tne 
night  interdiction  mission  entirely  to  the  Air  Force. A  brief 
review  of  the  development  of  night  systems  is  conducted,  current 
capabilities  are  discussed  and  a  comparison  of  Navy  and  Air  Force 
Systems  is  presented . The  combined  use  of  ••night**  ••vision** 
goggles  with  state  of  tne  art  forward  looking  infrared  (FlIR) 
Systems  In  Navy  F/A-18S  and  A-6s  Is  more  flexible  and  provides 
more  capability  in  some  scenarios  and  environmental  conditions 
than  »s  available  from  the  Air  Force  flir  only  systems. Tne  lessons 
'earned  from  Desert  Storm  are  numerous  and  important,  but  can  not 
applied  to  all  future  conflicts  (jeograpny  made  it  very  difficult 
for  naval  ••aviation**  -n  the  war  against  Iraq  and  tne  next 
conflict  may  find  tne  Air  Force  facing  a  simiHar  problem  This 
paper  contends  tnere  'S  St 1 '  1  a  need  for  improving  our  night 


Strike  capability  and  a  need  for  both  Navy  and  Air  Force  in  future 
Joint  operations. 

CLAYTON  R.  E. 

Reoort 
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••Helicopter**  integrated  Helmet  requirements  and  test  results. 

A  modern  integrated  helmet  (IH)  consists  out  of  two  Image 
Intensifler  Tubes  (IIT)  ana  two  Cathodes  Ray  Tubes  (CRT)  with  an 
optical  system  including  combiners  to  present  the  images 
binocular. Additional  symbology  can  be  superimposed  to  the  CRT-  or 
IIT-image.An  IH  is  a  further  development  of  a  Helmet  Mounted 
Display  (HMD). A  He  I  met -Mounted-Sight  (hmS)  can  steer  a  sensor 
platform  with  a  thermal  camera  or  an  air-to-air  missile  system. The 
main  **hel Icopter**  (HC)  requirements  of  such  a  system  are;  human 
factors :optlffll zed  day.  twilight  and  night  optical  modules ;  large 
exit  pupil,  good  transmission  of  the  optical  path  and  a  large 
adjustment  range;flt  of  nelmet  including  optimized  centre  of 
gravlty(CG)  and  weight ;gooa  geometrical  resolution/Moduiation 
Transfer  Function  (MTF)  with  a  large  Field  of  View  (F0V);hign 
focussing  range  of  the  IIT  and  a  good  S/N  ratio  below  i  mLux:CRT 
automatic  brightness  ana  contrast  control :fl ight  symbology 
presentation  for  one  or  two  eyes;good  static  ana  dynamic 
HMS-accuracy  with  a  large  Head  Motion  Box  (hM6);NBC  and  Laser 
protection  compat lb1 1 ity . MBB  and  the  Army  Corps  have  made  in  this 
year  ground  ana  flight  trails  with  an  Integrated  Helmet  and  a  HMS 
on  a  PAH  1  respectively  a  BK  117  ••hel lcopter**.The  paper  will 
present  IH  requirements  for  HC  application  ana  some  test 
resul ts . (or lg. ) . (Aval labi e  from  TIB  Hannover:  RN  3775(0596-91).) 
(Copyright  (c)  1991  by  FIZ. Citation  no.91  :(X)1490.  ) . 
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Microcomputer  Enhancement  of  the  Articulated  Total  Body  (ATB) 
Biodynamic  Modeling  System. 

The  Articulated  Total  Body  (atb)  Modeling  System  is  needed  to 
address  a  variety  of  new  technologies  ana  challenges  which  are 
Changing  the  operating  environment  of  aircrews. These  changes 
include  Increasing  ••aircraft**  performance,  which  increase  the 
need  for  expanding  the  safe  ejection  envelope. The  increasing 
cPfl^iexity  of  the  weapon  systems,  cockpit,  ana  missions  nave  also 
stimulated  the  development  of  equipment  to  aid  the  aircrews; 
••night**  ••vision**  goggles,  helmet  mounted  sights,  and  helmet 
mounted  dispiays.Each  of  these  devices  has  the  potential  for 
Impacting  tne  safe  ejection  envelope  and  increasing  the  injury 
potential  of  an  ejection  (as  well  as  increasing  the  fatigue  of 
normal  f lying) .Whi le  microelectronics,  fiber  optic  technology,  and 
miniaturization  can  keep  tne  equipment  weight  small,  even  these 
weights  at  15  G  ejection  acceleration  may  pose  a  substantial 
injury  hazard. 

SPIEGEL  A. ;  HYSLOP  R.  L. 
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Human  Factors  of  ••Night**  ••vision**  Devices:  Anecdotes  from  the 
Field  Concerning  Visual  Illusions  land  other  Effects. 

To  investigate  the  breadth  of  visual  illusions  experienced  by 
aviators  flying  with  ••night**  ••vision**  devices  (NVOs).  an 
open-ended  questionnaire  was  distributed  to  the  military 
•*hei Icopter**  community  ln  tne  fall  of  1989. Of  the  242  returned 
questionnaires,  there  were  22i  ••night**  ••vision**  goggle  (NVG) 
reports  and  2i  thermal  imaging  system  (FLIR)  reports. Most  sensory 
events  occurred  at  night,  during  low  illumination,  good  weather, 
and  over  varied  terrain, Contrlbut ing  factors  included 
inexperience,  division  of  attention,  and  fat igue. Frequent i y 
reported  Illusions  were  misjudgements  of  drift,  clearance,  height 
above  the  terrain,  and  att itude.Also  reported  were  illusions  due 
to  external  lights,  and  distributed  depth  perception  caused  by 
differences  m  brightness  between  nvg  tubes. Other  respondents 
cited  hardware  problems  ana  physiological  effects. There  were  no 
obvious  differences  between  the  experiences  of  nvg  users  ana  FlIR 
users. Although  incidence  rates  cannot  be  inferred  from  these  data, 
the  variety  of  expected  aviator  anecdotes  m  this  report  win  be 
useful  to  an  those  concerned  with  human  factors  and  safety  of 
NVOs 

CROWLEY  J.  S 
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Evaluation  of  **Night**  ••vision**  (Joggles  for  Maritime  Search  and 
Rescue. 

Experiments  were  conducted  to  evaluate  ••nignt**  ••vision** 
goggles  (NVGs)  for  tneir  effectiveness  m  detecting  small  targets 
at  night. Three  types  of  NVGs  were  evaluated:  the  an/avS-6  Aviators 
••Night**  ••vision**  Imaging  System  (ANVIS)  NvG  was  tested  onboard 
Coast  Guard  hm-3  and  Ch-3  ••he' icopters** .  and  the  AN/PVS-5C  and 
AN/PVS-7A  NVGs  were  tested  onboard  4i-foot  Coast  Guard  utility 
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tXMts. During  the  spring  1990  experiments,  simulated  persons  in  the 
water  wearing  orange  personal  floatation  devices,  retroref lective 
tape,  and  either  a  green  personnel  marker  light  or  a  red  safety 
light ;4-  and  6-person  life  rafts  with  and  without  retroref lect ive 
tape;and  18-  and  2i-foot  white  boats  were  employed  as  targets 
during  realistically-simulated  search  missions. A  total  of  1355 
target  detection  opportunities  were  generated  for  the 
above-mentioned  target  types  during  four  experiments. These  data 
were  analyzed  to  determine  which  of  25  search  parameters  of 
interest  exerted  a  stat 1st icai ly-signif leant  influence  on  target 
detection  proOaPi l i ty. Lateral  range  curves  and  sweep  width 
estimates  are  developed  for  each  search  unit/target  type 
comp 1  nation. Human  factors  data  are  presented  and 
dlscussed.Recommendat ions  for  conducting  NVG  searches  for  small 
targets  are  provided. 

REYNOLDS  W.  H.  ;  ROBE  R.  Q.;  HOVER  G.  L.;  PLOUROE  J.  V. 
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Evaluation  of  ••Night**  ••vision**  Goggles  for  Maritime  Search  and 
Rescue . Volume  i. Technical  Report- 

Three  experiments  were  conducted  during  1989  by  the  US. Coast 
Guard  Research  and  Development  (RO)  Center  to  evaluate  **night** 
••vision**  goggles  (NVGs)  for  their  effectiveness  in  detecting 
small  targets  at  night. Three  types  of  NVGs  were  evaluated;  the 
an/avS-6  Aviators  ••Night**  ••Vision**  imaging  System  (ANVIS)  NVG 
was  tested  onpoard  Coast  Guard  HH-3  and  CH-3  ••helicopters**,  and 
the  AN/Pvs-SC  and  an/pvs-ta  NVGs  were  tested  onboard  4i-foot  Coast 
Guard  utility  boats  ( UTBs ) .  S  imulated  persons  in  the  water  (PlwsK 
4-  and  e-person  life  rafts.  18-  and  21-foot  white  boats,  and 
white,  personal  flotation  device  (PFD)  strobe  lights  were  employed 
as  targets  during  real  1st  leal ly-slmulated  search  missions. a  total 
of  1.490  target  detection  opportunities  were  generated  during  tne 
experiments, These  data  were  analyzed  to  determine  whicn  of  25 
search  parameters  of  interest  exerted  a  stat 1st ical ly-signif leant 
influence  on  target  detection  probapi 1 l ty . Keywords  ;  Search  and 
rescue.  ••Night**  ••vision**.  ••Nignt**  ••vision**  goggles.  Sweep 
width.  Unlighted  targets. (JS ) . 
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Survey  of  fleet  Opinions  Regarding  unaided  vision  Training  Topics, 
unaided  vision  topics  have  been  part  of  aircrew  training  since  at 
least  world  war  11, vet.  little  information  exists  regarding  the 
operational  utility  of  the  1 nstruct ion , Thi s  Survey  required  341 
Navy  and  Marine  Corps  pilots  to  rate  the  frequency  of  traditional 
training  concerns  as  a  real  problem  for  operational  flying. A 
forced  choice,  four  point  scale  including  NEVER.  SELDOM.  OFTEN, 
and  ALWAYS  response  options  was  used. None  of  the  14  topics 
considered  obtained  an  overall  mode  response  rating  of  less  than 
SELDOM. The  topic  of  veiling  Glare  obtained  a  mode  ratine  of 
ALWAYS. The  frequently  researched  topic  of  Dark  Focus  was  among 
those  topics  receiving  mode  ratings  of  SELDOM. No  well-defined 
differences  among  ••aircraft**  communities  were  revealed 
TRAuTMAN  E..  little  W. ;  MITTLEMAN  M. 
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Conspiculty  Comparison  of  Current  and  Proposed  U.S.Army  Wire 
Marker  Designs 

In-f light  wire  strikes  are  a  serious  threat  to  U.S.Army 
••aviation**  during  all-weather  daytime  and  nighttime 
••hei icopter**  operations  To  reduce  this  threat,  the  **aviation** 
training  community  employs  a  passive  marking  system  for  Increasing 
the  conspiculty  of  high  tension  cables,  electrical  power  lines, 
and  telephone  wires  This  system  uses  internal lonal-orange 
fiberglass  spheres  having  a  diameter  of  approximately  tt.5  inches 
and  utilizing  various  conspiculty  enhancing  schemes . These  spheres 
are  attached  to  the  cables  and  wires  at  locations  heavily  used  by 
••aircraft**  In  this  Study,  the  conspiculty  of  the  basic  and 
proposed  modified  designs  was  investigated  as  a  function  of 
background,  illumination  level  (for  ooth  day  and  nignt  with 
weather  effects i.  sun  (or  other  bright  source)  angle,  and  viewing 
system  (eg.,  unaided  eye.  thermal  sensor,  or  image 
mtensifier)  While  no  differences  among  designs  were  observed 
under  daylight  conditions,  improved  performance  under  several 
view  1 ng/ Mnht 1 ng  conditions  was  oDserved  for  two  retroref lect Ive 
polyhedron  designs  under  typical  ••aircraft**  lighting  conditions 
at  night  Increased  detection  ranges  were  noted  both  with  and 
without  image  intensification  devices  and  under  '‘aircraft** 
Hgnting  conditions  Character i St  1  c  of  the  local  ••aviation** 
training  environment. 

LEVINE  R  R  .  RASH  c  E  ;  MARTIN  J.  S, 
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Night  Visions  Devices.  January  igSO-June  1991  (Citat  ons  from  the 


NT  IS  Database). 

The  bibliography  contains  citations  concerning  the  design, 
development,  and  applications  of  various  **nlght**  **vlsion** 
devices. Included  are  design  and  development  of  components  and 
systems  involving  display  screens  and  goggles,  operational  tests 
and  effectiveness  evaluatlidns.  and  associated  studies,  such  as 
cockpit  lighting  requirements  when  **night**  ••vision**  devises 
are  used. App ] 1 cations  include  **avlat ion** .  military,  and  law 
enforcement  uses  of  ••night**  **vlslon**  devices. (The  bibliography 
contains  i30  citations  with  a  subject  index.). 
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MBB's  Involvement  in  Military  **Hei icopter**  Programmes. 

A  briefing  of  the  studies,  projects,  and  programs  are 
reviewed. Previews  and  diagrammatic  explanations  of  the  following 
programs  are  given:  Escort  **Hel icopter**  (BShi):PAH1  upgrade;BO 
i08;HAP  -  PAH2/HAC:NH  90;Advanced  Light  **Hel Icopter**  (ALH):iead 
concept  'HC  20(X)' .  second  generation  escort  **hel icopter** ;and 
EUROFAR.The  technology  basis  of  the  company  is  broad  and  is 
continuously  extended . Future  ••helicopter**  development  is 
exclusively  a  subject  of  international  cooperation  and  MBB  is 
fully  prepared  to  play  an  active  role  in  this  respect. 

HUBER  H. 
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Formulatlve  Evaluation  Study  of  a  Prototype  Near-Infrared 
Projection  System:  **N1ght**  ••Vision**  (Single  Study. 

U.S.Army  ••Aviation**  relies  upon  image  intensif lers,  such  as 
••night**  ••vision**  goggles  (NVGs),  for  night  nap“Of-the-earth 
(NOE)  flight. During  Initial  flight  training.  OH-58  student  pilots 
are  expected  to  apply  academic  knowledge  of  NVG  use  in  flight 
after  limited  review. To  facilitate  Oh-58  students'  transition  to 
NVG  flight,  researchers  projected  images  through  a  prototype 
near-infrared  (IR)  video  projection  system. ••Hei icopter**  pilot 
students  received  nands-on  experience  with  the  an/pvs-5A  nvGs. 
which  are  compatible  with  the  projection  system's  output 
range. Instructor  pilots  rated  Oh-58  students'  flight  performance 
throughout  the  night/NVG  phase  of  instruct  ion. a  strong  positive 
effect  Oh  students'  confidence  (increase)  ano  anxiety  (decrease) 
levels  were  observed. no  difference  in  flight  performance  was 
oDserved  between  matched  pairs  (experimental  vs. control)  of 
students. Additional  research  is  planned  in  the  areas  of  safety  of 
flight,  terrain  navigation,  special  operations,  mission  planning, 
and  threat  recognition. 

PEORONI  G.  M. ;  INTANO  G.  P. 
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Field  Evaluation  of  the  Compat iPl 1 ity  of  the  Protective  Integrated 
Hood  Mask  with  anvis  **Night**  ••Vision**  (toggles. 

An  evaluation  was  conducted  to  determine  potential  compatabiMty 
problems  found  while  wearing  the  Protective  Integrated  Hook  Mask 
(Pirt*)  with  the  Aviator's  ••Night**  **vislon**  Imaging 
Systems(ANVIS).The  PIHM  is  worn  under  a  standard  HGU-55/P  helmet 
and  is  designed  to  protect  USAF  aircrew  members  in  a  chemical 
environment .ANVIS  Is  mounted  in  the  front  of  the  PIHM  visor  using 
a  special  bracket. The  evaluation  consisted  of  tests  performed  at 
Pope  AFB.  NC  using  qualified  C-130E  crewmembers. Examinat ions  of 
horizontal  and  vertical  intensified  fields  of  view,  cockpit 
lighting  capability,  and  a  limited  fit  evaluation  were 
conducted. Test ing  showed  that  ANVIS/PIHM  viewing  resulted  m 
average  losses  of  horizontal  and  vertical  fields  of  view  of  2.6 
degrees  and  2.i  degrees. C-130E  cockpits  lighting  interference  was 
not  found  when  viewing  through  the  AVIS/PIHM.  or  under  the  ANViS 
through  the  PIHM  visor, No  significant  problems  in  achieving  proper 
fit  with  ANVIS/PIHM  were  found. Overai 1  conclusions  were  that 
potential  compatabi  1 1  ty  pPODlers  anv*”  and  pihm  integration  can 
be  reduced  or  eliminated  with  pi  open  fit  and  adjustment  of  the 
ANVIS/PIHM. (emk). 
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Laser  Obstacle  and  Cable  Update  Sensor. 

The  real  night  foreign  weapon  evaluation  (FWE)  program  was 
evaluating  an  integrated  night  attack  avionics  suite  for  an  A-6E 
••aircraft**. The  most  recent  addition  to  this  avionics  suite  is  a 
C02  laser  terrain  foi lowing/obstac 1 e  avoidance  (TF/OA)  sensor  The 
redulrements  are  described  for  this  type  of  sensor  along  with  the 
character  1st ics  of  tne  system,  and  some  preliminary  test  results 
gathered  during  a-6  flights. 
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Evaluation  of  ••Night**  ••vision**  Goggles  for  Maritime  Search  an<j 
Rescue. volume  2. Data  Appendix. 

Three  experiments  were  conducted  during  i989  Oy  the  U.S. Coast 
Guard  Research  and  Development  (RDi  Center  to  evaluate  ••nignt** 
••vision**  goggles  (NVGs)  for  their  effectiveness  in  detecting 
small  targets  at  night. Three  types  of  NVGs  were  evaluated:  the 
AN/AVS-6  Aviators  **Nlght**  ••Vision**  Imaging  System  (ANVIS)  NVG 
was  tested  ontioard  Coast  Guard  hh-3  and  Ch-3  ••hel  icopters** .  and 
the  AN/PVS-SC  and  AN/PVS-7A  NVGs  were  tested  onpoard  4i-foot  Coast 
Guard  utility  Doats  ( STBs ). Simulated  persons  in  the  water  (PIMs). 
4-  and  6-person  life  rafts.  10-  and  21-foot  white  boats,  and 
white,  personal  flotation  device  (PED)  strobe  lights  were  employed 
as  targets  during  realistically-simulated  search  missions. A  total 
of  1,490  target  detection  opportunities  were  generated  during  the 
exper Intents . These  data  were  analyzed  to  determine  which  of  25 
search  parameters  of  interest  exerted  a  statisticaiiy-significant 
influence  on  target  detection  probabi i i ty. Keywords ;  Search  and 
rescue,  ••Night**  ••vision**.  ••Night**  **v1slon**  goggles.  Sweep 
width,  Unlighted  targets. ( JS ) . 
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Human  Factors  and  Safety  Considerations  of  **Night**  ••vision** 
Systems  F 1 ight . 

Military  **avlatlon**  ••night**  •♦vision**  systems  greatly  enhance 
the  capability  to  operate  during  periods  of  low  11 lumi nat ion , After 
flying  with  ••night**  **vision**  devices,  most  aviators  are 
apprehensive  about  returning  to  unaided  night  f l ight . Current 
••night**  **v1slon**  imaging  devices  allow  aviators  to  fly  during 
ambient  light  conditions  which  would  be  extremely  dangerous,  if 
not  Impossible,  with  unaided  v1 sion . However ,  the  visual  input 
afforded  with  these  devices  does  not  approach  that  experienced 
using  the  unencumbered,  unaided  eye  during  periods  of  daylight 
1 1 1 uml nat Ion . Many  visual  parameters,  eg.,  acuity,  f leld-of-view , 
depth  perception,  etc.,  are  compromised  when  ••night**  **vlslon** 
devices  are  used. The  inherent  characterist ics  of  image 
intensif ication  based  sensors  introduce  new  problems  associated 
with  the  interpretation  of  visual  information  based  on  different 
spatial  and  spectral  content  from  that  of  unaided  vision. in 
addition,  the  mounting  of  these  devices  onto  the  helmet  is 
accompanied  by  concerns  of  fatigue  resulting  from  increased  head 
Supported  weight  and  shift  in  center-of-gravity  All  of  these 
concerns  have  produced  numerous  human  factors,  and  safety  issues 
relating  to  the  use  of  ••night**  ••vision**  systems . These  Issues 
are  identified  and  discussed  m  terms  of  their  possible  effects  on 
user  performance  and  safety. 
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Requirements  of  an  hms.'O  for  a  nignt-flying  ••helicopter**. 

♦  •Hel  icopter**  pilots  prefer  for  the  nignt-f  iyi*ig  tasks  a 
combination  of  electro-oot leal  sensors  with  different  physica* 
princlp’es  in  the  Infra-Red  (IR)  and  in  the  near  IR  spectrum: 
Thermal  Image’’  iTi  or  flir).  ••Ninht**  ••vision**  Goggles  (nvG)  or 
LOW  Light  Level  Television  lllTVi  The  limits  of  these  three 
sensors  are  m  extreme  darkness  with  less  than  ^  mLux  illumination 
or  In  heavy  rain,  fog  or  snow  with  temperature  differences  below 
0.1  K  or  with  cross-over  effects  respect iveiy . The  development  goal 
for  the  near  future  should  be  an  integrated,  lightweight  neimet 
with  a  binocular  display  on  the  visor  providing  two  or  three 
sensor  images. The  paper  describes  operational  requirements,  human 
engineering  aspects  and  the  reauirements  of  an  integrated 
Mght-weight  he’met  with  two  NVG-tubes  and  two  CRTs  to  display 
superimposed  NVG  and  Ti  images  with  flight 
symbologies . (or ig  ).( Copy right  (c)  1990  Oy  FIZ  Citation 
00.90:081468  ) 
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Development.  Testing  and  Evaluation  of  a  ••Night**  ••Vision** 
Goggle  Compatible  BO-iOS  f-^r  Night  Low  Level  Operation. 

By  request  of  the  Royal  Netherlands  Army  Staff,  a  test  and 
evaluation  program  was  carried  out  by  the  Royal  Netherlands 
Airforce. The  overall  aim  of  me  program  was  to  select  and 
ihteqrate  a  package  of  ••night**  ••vision**  and  supporting 
eaulpment  for  the  80-105  C  •*hel icopter**  that  will  allow  round 
the  clock  operations  m  support  of  the  RNL  Army,  specifically  at 
night  at  low  altitudes. An  ex  civil  BO-105  OB  ••helicopter**  was 
used  as  a  testbed  in  'ne  program, in  addition  to  tne  original  dual 
pilot  IFR  equipr-Tt  (VOR.  VOR/ILS.  Radar  Altimeter  and  2  axis 
Stability  Augmentation  System),  a  Doppler  Navigation  System  with 
Mapreader .  a  taCAN  and  recording  equipment  were  installed  m  the 
test  ••helicopter**  in  a  pre-evaluation  program,  two  types  of 


helmet  mounted  ••Night**  ■•Vision**  Goggles  (NVG  s)  »*ere  selected 
for  further  eval uat Ion. After  the  2  axis  SAS  had  been  replaced  by  a 
3  axis  eSAS  and  NVG  compatible  cockpit  lighting  had  been  installed 
In  the  test  ••hel icopter** ,  night  low  level  operational  flight 
trials  were  carried  out. This  paper  describes  the  selection  of  the 
NVG's  the  NVG  compatible  lighting  and  presents  the  pilot 
experiences  and  opinions  concerning  the  low  level  night  flight 
trials. The  trials  indicated  the  feasibility  of  the  concept. A 
selected  equipment  package  will  be  retrofitted  into  the  BO-105 
fleet,  with  the  aid  of  the  airframe  manufacturer.  MBS. A  prototype 
has  been  constructed  at  our  Depot  at  Giize  Rijen  Airbase. Fi ignt 
tests  have  recently  been  completed. NATO. 
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Handling  Qualities  Criterion  for  very  low  Visibility  Rotorcraft 
NOE  Operations  Flight. 

The  missions  proposed  for  the  next  generation  ••hel icopter** 
involve  requirements  to  operate  In  essentially  zero  visibility  in 
the  nap-of-the-earth  (NOE)  environment .Such  operations  will 
require  the  use  of  pilot  vision  aids,  which  gives  rise  to  the 
question  of  the  interaction  of  such  displays  and  the  required 
••aircraft**  handling  qual it les . This  research  was  conducted  to:  i) 
Investigate  tne  required  visual  cueing  for  low  speed  and  hover, 
and  2)  determine  If  an  increase  in  stabilization  can  effectively 
be  used  to  compensate  for  the  loss  of  essential  cues. Two  flight 
test  experiments  were  conducted  using  a  conventional 
••hel icopter**.  and  a  variable  stability  ••hel icopter** ,  as  well 
electronically  fogged  lenses  and  ••night**  ••vision**  goggles  with 
daylight  training  filters. The  primary  conclusion  regarding  the 
essential  cues  for  hover  was  that  fine  grained  texture 
(mtcrotexture)  is  more  important  than  large  discrete  objects 
(macrotexture),  or  f lei d-of-vlew . The  use  of  attUude  command 
augmentation  was  found  to  be  effective  as  a  way  to  makeup  for 
display  def iclendes . However .  a  corresponding  loss  of  agility 
occurred  with  the  tested  attitude  commano/att itude  hold  system 
resulting  In  unfavorab'e  pilot  comments. Hence,  the  favorable 
control  display  tradeoff  must  be  interpreted  in  the  context  that 
the  best  solution  would  be  to  imprc/e  the  vision  aid. Such  an 
Improvement  would  require  an  increase  in  the  visible  microtexture, 
an  advancement  in  display  technology  which  is  unlikely  to  be 
available  in  the  foreseeable  future.NATO. 
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Hel met -Mounted  Pilot  ••Night**  ••Vision**  Systems:  Human  Factors 
Issues. 

Helmet-mounted  displays  of  infrared  imagery  (forwa''d- looking 
infrared  (FLIR))  allow  ••helicopter**  pilots  to  perform  low  level 
missions  at  night  and  in  low  v 1  si bl 1 1 ty. However ,  pilots  experience 
high  visual  and  cognitive  workload  during  these  missions,  and 
their  performance  capabilities  may  be  reduced. Human  factors 
problems  inherent  in  existing  systems  stem  from  three  primary 
sources;  the  nature  of  thermal  imagery;the  character ist ics  of 
specific  FLIR  systems;ano  the  difficulty  of  using  fLIR  system  for 
flying  and/or  visually  acquiring  and  tracking  objects  in  the 
environment  -  The  pilot  ••night**  ••vision**  system  (PNVS)  in  the 
Apache  AH-64  provides  a  monochrome.  30  by  40  deg  helmet-mounted 
display  of  infrared  imagery . Thermal  imagery  is  inferior  to 
television  imagery  fn  both  resolution  and  contrast  ratio. Gray 
shades  represent  temperatures  differences  ratner  than  brightness 
variability,  and  images  undergo  significant  changes  over  time. The 
limited  field  of  view,  displacement  of  tne  sensor  from  the  pilot  s 
eye  position,  and  monocular  presentation  of  a  bright  flIR  image 
(while  the  other  eye  remains  dark-adapted)  are  ail  potential 
sources  of  disorientation,  limitations  in  deo*h  and  distance 
estimation,  sensations  of  apparent  motion,  and  difficulties  in 
target  and  obstacle  detect  ion . Insuff icient  information  about  human 
perceptual  and  performance  limitations  restrains  the  ability  of 
human  factors  specialists  to  provide  significantly  improved 
specifications,  training  programs,  or  alternative 
designs. Additional  research  is  required  to  determine  the  most 
critical  problem  areas  and  to  propose  solutions  that  consider  the 
human  as  well  as  the  development  of  technology. 
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